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New York, January 22, 1896. 

The 102d meeting of the Institute was held this date, at 12 
West 31st Street, and was called to order by Vice-President 

Hamblet, at 8 p. m. _ . 

Secretary Pope read the following list of associate members 
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afternoon. 
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The Chairman :—Gentlemen of the Institute, it requires no 
word of mine to introduce the gentleman who is to read a paper 
to you this evening. You all know him very well, and have 
heard him before, and I take great pleasure in having the honor 
to present to you to-night our Past-President, Mr. Frank J. 
Sprague. 

Mr. Sprague read the following paper : 





A paper presented at the rojd Meeting of the Ameri¬ 
can Institute of Electrical Engineers* New 
York , January J 2 d y Vice-President Humbled in 
in the Chair; and Chicago, January 2 <)th , 

Mr. A\ II. Pierce in the Chair 


ELKOTUKJ 


KI. K V A T< > I IK. W IT 11 DETAIL KI > 
TION OK SPECIAL TYPES. 


DES(’RIP- 


UY MtANK .1. SI-KAi.TI . 

Then; lias bean so much written on tin* subject <>f electric 
elevators wliieh 1 h pertinent to the subject, that in presenting 
this paper I shall make free compilation from others, ami, sup 
plementing these extracts with Rome new matter, 1 shall by 
lantern views illustrate some details of the more recent machines, 
their methods of manufacture, and some steps in their develop¬ 
ment. 

The time has passed when any one can doubt that one of the 
most important applications of the electric transmission of power, 
and one in the number and variety of its applications already 
rivaling the electric, railway work which has made sueh marvelous 
strides in the past eight years, is that of the operation of all classes 
of hoisting machinery. 

Some idea of the extent of the present, elevator business may 
he gathered from the fact. that, in New \ ork (’ify alone there are 
not less than b,Onn elevators of various kinds, more, in fact, than 
there are st reet ears, ami more people are carried vertically than 
there are horizontally. 

Ignoring for the moment the specific methods of application, 
and discounting the difficulties naturally met in developing ma¬ 
chines to do the duty required in modern office work, not atone 
the technical difficulties, but those commercial ones naturally met 
when a new company enters the lists with untried nuudmtea 
against the entrenched forces of existing industries, there was 
still much of encouragement to ho derived from a backward 
glance at the industrial changes wrought in the lust few years, 
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SPRAGUE OR ELECTRIC ELEVATORS. 


and to all objections raised there came the natural queries: Is the 
elevator field, great as it already is, limited to the possible applica¬ 
tion of a water or steam motor? Is there no wider, no more 
universal application of power for this class of service than has 
hitherto been presented? Is the hydraulic elevator the one 
bulwark to stand up against the assaults of the electric giant? 
Does it present such fixity of design, unity of purpose, refine¬ 
ment of processes, economy of operation and freedom from acci¬ 
dents as to preclude improvement if using some other power ? 

Let us look at the record in other fields and ask: Whv 
has the trolley system, born only eight years ago, driven 
the horse from the street? It involves great initial ex¬ 


pense, 


conversion, distribution 


reconversion 


energy. It faced all the powers of conservatism, ridicule and 
fear. It had to combat the allied forces of the Bell telephone 
interests tested by court action in over twenty States. It had 
the opposition of the strongest'municipal and corporate influences. 
Every detail of the system had to be created, and yet: if, stands 
to-day unrivalled in its industrial progress. 

Why is the same trolley system driving the cable to the wall, 
and why has its adoption marked the abandonment of a plant' 
costing not less than $3,000,000, in the city of Philadelphia ? Arc 
there many more examples of the direct applications of force than 
the cable system, many closer connections between a great engine 
buiJt for the highest economyi'nmj that which it moves ? 

Why is the steam locomotive giving way to the electric motor 
on suburban service? Is there any more direct example of the 
application of steam than is presented by a locomotive, the power 
of whose cylinders is transmitted directly to the drawbar fhromd, 
the intermediary only of a crank ? ^ 

Why does the best shop practice dictate the abandonment of 
the slow speed highly economical Corliss engine and the direct 
application of power by belts and shafting, and adopt, the high 
speed engine and direct-connected dynamo at a central stati.m 
with the conversion, distribution and reconversion of energy by n 
dozen different motors at a greatly increased initial expend 7* 

"*** a “ i «***»*- -«*«%.... 

Why has every overhead crane builder in the United States 
withm the past four years absolutely abandoned wire rope Z^-e 
shaft.and hydraulic transmission for the three-motor transmission 
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which I advocated only nine years ago? It is because it is 
simpler, because it will cost less, or because it is more economical, 
more flexible, and because it answers the purposes better than the 
other and more direct systems? 

Why have the great central stations of the country adopted 
electricity for the transmission of power to the hundreds ol in¬ 
dustries within the radius of their supply, and into what form ul 
energy is the power of Niagara being converted l 

In short, why is the transmission of power in almost every ease 
where flexibility, convenience, economy, oflieienev and reliability 
are required depending upon the electric method, not only in 
new work, but oftentimes to the replacing of older plants. 

The elevator field, indeed, is a large one, and if the system is 
electric, then, considered from a commercial standpoint, there 
appears the following possible classes of work : 

1st. High speed passenger service where no hydraulic plant is 
possible because of limited space. 

2d. High speed passenger service in competition with hy¬ 
draulic plants, the electric plant doing equal duty, costing less, 
occupying less space than the hydraulic, and costing much less to 
operate. 

2d. Substitution of new high-speed electric service, in place of 
old steam and slow hydraulic services in buildings when* the lim¬ 
ited space and interference with operations will not permit con¬ 
sideration of a new hydraulic plant. 

4th. Passenger elevator service in buildings where the loads 
are comparatively light. 

5th. Passenger service in private houses where safety, simplic¬ 
ity and noiselessness are essential. 

flth. Freight and special classes ot work. 

For convenience we may classify elevator work as “ find class, 
that requiring speeds from 200' to boT a minute," including the 
first three duties above mentioned, ami as “second class," those 
requiring speeds of from to 250 a minute, which include the 
remainder. 

In general, there has been required and developed two kinds 
of machines to perform these services. The first is the outcome 
of the increased height of buildings and the demand for high 
speed and smooth motion, largely regardless of cost of apparatus, 
space occupied, or cost of operation. 

Thu hydraulic elevator was the. result of this demand, and was 
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the only one that up to a year or so ago was accepted for this 
service. 

It was to meet this demand—by creating an electric elevator 
which would do the work equally well, if not better, than the hy¬ 
draulic—that the elevator to be more specifically described, was 
developed under some unexpected difficulties. 

Of course, such a machine must have the speed and capacity 
of the hydraulic elevator. 

It must be absolutely safe. 

It should have advantages in the matter of space, and must be 
more economical to operate. 

The second class of elevator work, that which requires lower 
speeds, is applied to small apartment houses and other buildings 
where lighter elevator duty is required. This, for a long time, 
has been fairly supplied by worm gear elevators, and the replacing 
of the steam engine by an electric motor has enormously broad¬ 
ened the field for this class of machine. 

These two machines, however, are not equivalents. They pre¬ 
sent two distinct kinds of rope movement, two absolutely different, 
methods of control, and two varieties of safeties. 

Just here I will briefly outline some of these differences*, for 
they constitute in my mind vital essentials, ami arc* absolutely 
determinate in their limitations. 

The rope movement on the hydraulic is provided by an ex¬ 
panding set of sheaves on which all the ropes are maintained in 
fixed planes. Four to six ropes can he used on the machines and 
six to eight on the car. 

The sets of rope can be equalized at the machine, and they 
have a fixed lead in the hoistway. 

The machines can be double and treble decked, and they have 
absolute limits of mechanical travel. 

All of these features are of the greatest importance when deal 
ing with high lifts, large powers and fast travel 
The drum machine, while having a distinct field of its own, 
and a most useful one, has not a single one of the characteristics 
mentioned. It cannot well use over two ropes on the drum, and 
they cannot be equalized at the machine. The lead is a shifting 

one, and on long lifts this may be as much as from four to five 
feet. 

These particular objections have been met in a type of machine 
which maybe called a cable drum machine, where the drive is by 
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friction of the rope in tine sheave grooves, hut in both these ma¬ 
chines, the plain drum and the cable drum, there is the very 
grave objection that there are no fixed limits of mechanical travel 
which are independent, of the armature movement, and on fast 
speeds particularly, this is absolutely essential. 

In the drum machines the driving power is applied through 
one or more worm gears. 

In my own practice on light; service, such as house automatic 
machines, and a low class of freight work, I use a single gear with 
double ball thrust hearings, and on heavier Work, a right and left 
handed gear generally cut on tins Ifindley form, to give the full¬ 
est amount of gear surface*, and with the shafts connected by in¬ 
dependent maehineeut spur gearing, which allows the worm 
gears to be free from each other. 

There is another distinction-.that of control. 

The hydraulic machine is necessarily a gravity machine, using 
power only in hoisting, its speed on the down side being com 
trolled by the rate of wafer exit. The maehine is, of eotirse, under 
counter* weigh ted. 

In the drum machine, when there is any attempt at economy, 
over eoimlercveighting is generally used, part from tin* ear and 
part from t he back of the drum, the over counter-weight ing being 
approximately equal to the average load. 

With these two types of apparatus as precedents, the problem 
was: 

How far can electricity* be applied? What are tin* limitations 
of control { What the conditions of installation and operation, 
and to what extent could one type be eliminated ( 

And the answer is: Both types must be used, but for distinct 
classes of service. 

Taking the drum type and considering electrical control on a 
machine over balanced for average service, the load up or down 
is sometimes with find sometimes against the machine. To con¬ 
trol such a machine direct 1 v from a supply circuit, (and I cannot 
seriously consider any other, no matter how ingenious or refined, 
m meeting genera! conditions), then* is one method only, and 
that is the use of a rheostat in starting, and the inverse variation 
of the strength of the shunt field for about, a two to one variation 
in speed. A. cumulative series coil is only permissible in starting 
if variations of speeds are controllable, and in any event these 
variations an* limited. Such a machine is, however, the best for 
second-class service. 
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Every one Is familiar, of course, with the conditions of ordinary 
freight work. I might, however, here point out an important 
branch of this industry, and one which is destined for very wide 
application, and that is automatic house service, the machine to 
be controlled without an operator, and so installed as to be as 
safe as a stairway. 

Briefly, such a machine, on my system of working, is equipped 
with an interlocking switch device on the machine, having a co¬ 
ordinating movement with it, and with the controlling circuit in 
series with a number of door switches automatically opened or 
closed with the doors. The doors themselves are fitted with 
mechanical locks, allowing a car to be opened only during a range 
of movement from 6 r/ above to below. 

At each floor is a single controlling button. If the machine is 
at rest, the pressing of a button calls the car, wherever it may be, 
to the particular floor at which it is wanted, where it automati¬ 
cally stops. When the door is open it cannot be started, and 
when running, no one else can call it from the floor for which it is 
destined. The machine also has an additional control in the car, 
and the safeguards attending its operation are such as to make it 
safe for servant, nurse, child or invalid. 

The development of the multiple screw elevator was under¬ 
taken for the express purpose of supplanting in a large way 
the former standard for high duty office service, and although not 
by any means an easy problem, either electrically or mechanically 
a knowledge of what the hydraulic elevator is, and the variation 
o the types existing, gave adequate reasons for its attempt. 

Let us consider for a moment a hydraulic system, and institute 
a iew comparisons. 


X, consists primarily ol a steam cylinder, or a multiplicity of 
steam cylinders, working ordinarily under poor conditions of steam 
economy, that is with a fixed cut-out in the high pressure cylinder 
of a compound pump, or.no cut-off in any cylinder of a simple 
pump. This element corresponds to.the cylinders of a steam 
engine m the electric system, which use steam expansively with 
a cut-off varying according to the load, and under pressure con¬ 
ditions which are somewhat better than exist in a pump. It is to 
uplicate the results of this system of variable cut-offs and steam 
expansion, that the energies of the various pump builders have 
been more or less ineffectually bent for a great many years in plain 
acknowledgement of that detect in thlit simple and dupta 
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pumps, the latter of which is common to almost every hydraulic 
plant of any size in the United States. 

It is true that a so-called u high duty” pump with equalizing 
piston is used on some of the larger elevator plants, but its use 
has not proven by any means entirely successful, because of the 
spasmodic nature of the service. 

Among the high duty pumps, the flywheel type, such as is used 
on large water pumping stations has been attempted, but rarely, 
I may fairly say, with success. 

The next element is the water cylinder, which corresponds to 
the dynamo in the electric system, and on account of the high fric¬ 
tion due to the packing, the efficiency of a water cylinder with 
its valves is not ordinarily equal to that of a dynamo, which with 
a motor stands to-day the typical example of an efficient energy 
converter. 

The next element is the piping and the tanks, compression or 
roof, and perhaps an accumulator, into or through which the 
water is pumped for delivery to the controlling valves of the 
elevator, and that which corresponds to this in the electric system 
is its simple wiring, and if a storage battery is used, then this 
last in conjunction with it. 

Any competent engineer knows that, measured by standard 
practice, a given number of pounds of energy can be delivered to 
the controlling apparatus of an electric elevator for less pounds of 
steam, that is, water evaporated, through the medium of no less 
than fifty combinations of engines and dynamos, than can be de¬ 
livered to the valves of any hydraulic cylinder through the stand¬ 
ard pumps permissible in average elevator service. To be 
specific, the average water evaporation on a compound duplex 
pump, which is almost universally used, will in practice, be not 
less than about 60 to 70 pounds per horse-power of water energy 
delivered to the controlling valves, whereas the electric combina¬ 
tion will easily give the same for less than 40 pounds. 

There are exceptional conditions in which a higher economy 
can be gotten in a hydraulic system, but they are few and 
are not typical, and under equal conditions the steam consumption 
in an electric system can be cut in two. 

But this is not all. The fact is persistently ignored, although 
the attempt is made to offset it by recent experiments with a 
differential piston, that a standard hydraulic elevator uses the 
same amount of water under the same pressure for every foot of 
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travel of a car, which volume of water and pressure are deter¬ 
mined by the maximum load which has to be carried, although the 
average load on the ropes, including the excess of car over counter¬ 
weight, is not over one-third of the maximum. On the other 
hand, the electric elevator uses, and must use, under normal con¬ 
ditions, current directly proportional to the work, modified in a 
small degree by starting and slow running. 

In short, over and above the friction load of the generating 
system, the steam consumption in the engines and the generation 
of electricity in the dynamo, vary with the demand of the elevator 
machines. It is a system which is of necessity automatic. 

On the other hand, the hydraulic system is one of the most 
flagrant violators of the relation which should exist between de¬ 
mand and supply. It is a system of transmission by water, hav¬ 
ing at one end a generating plant doing full duty for every foot 
of travel of its piston, with a variable duty on an elevator car at 
the other end, and an intermediate straight line water engine 
with its pipes and tanks taking care of that variable duty, and 
using the balance of its energy in heating the water which passes- 
through its valves. 

Lack of economy, however, is not the only objection to the 
hydraulic system when looked at from the architect’s or builder’s 
standpoint. Until recent developments, these have always been 
strictly handicapped, not so much perhaps in the matter of cost, 
but in the internal arrangements of the building as well as in the 
lay-out of the basement, neither of which could be finally and 
satisfactorily, if even then, determined, until the particular type 
of machine had been accepted by the owner, and the contract 
finally made for it. 

Nor lias there been either singleness of design or unity of plan 
of operation. Each maker has had his own form of construction, 
his special method of control. Every building has brought up a 
problem more or less new, or at least conditions which had to be 
seriously considered in determining the elevator service. Hori¬ 
zontal and vertical machines, in basement or shaft; high or low 
multiplications; long and short, single and jointed cylinders; 
big and little diameters ; large and small sheaves; free and sus¬ 
pended counter-weights; pulling and pushing machines; direct 
and differential pistons; roof tanks, stand pipes, accumulators 
and compression tanks; high and low pressures; hand rope 
wheel or pilot-valve control ; simple or compound pumpe-all 
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have made a nightmare of complications, giving more initial and 
continuing source of complaint and dispute than all the other 
engineering problems in a building. 

So what more natural than that they should turn to electricity 
for emancipation 4 And this tendency is augmented by other 
reasons. 

Leaving out central station supply, always, when properly 
equipped, to be preferred when the electric service is of a 
spasmodic or limited character, and considering for the present 
those large plants which characterize the modern oflice or hotel 
building and in a way rival central stations, every engineer knows 
that the fewer the number of well-proportioned units, the more 
alike they are, the freer the interchangeability between them 
selves, and the greater the extent to which any one unit can he 
utilized, the better the system for power generation and conver¬ 
sion, no matter what its character. 

The best modern practice makes a three-unit direct-connected 
engine and dynamo plant the best for lighting a building. There 
is an empirical relation existing between the number of lights 
required in a building as ordinarily designed, ami the elevator 
service. When, in addition to the lighting service, such a build¬ 
ing adopts electric elevators, it is not now necessary that it shall 
add an independent generat ing plant. 

All that is required is that the three units should be somewhat 
increased in size and, perhaps, one of them preferably divided, 
the mains all taken to a common switchboard with two-way 
switches, and every engine and dynamo thus made interchange¬ 
able on either the lighting or elevator circuits, and at times both, 
especially if using a slow acting corrective converter, some of each 
can be run from the same engine and dynamo. Ho, instead of 
live or six units, some water and some electric, the entire gener¬ 
ating plant is reduced to a single system consisting of three units 
of one siz<\ or two of that size and two of a half size, which can 
he run interchangeably, and one of which is almost always in 
reserve, 

.Just here it is well to consider the probable application of the 
storage battery which, if built with plenty of lead, with large 
surfaces and for heavy momentary discharges rather than for 
long time steady discharges, will prove a most important adjunct 
to elevator service, which, like railway work, is spasmodic in 
character. 
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A modern office electric elevator on actual average .service re¬ 
quires an expenditure of about one kilowatt hour per car mile of 
travel for every eight or ten feet of platform area. A car wi]| 
make from If to 2f miles per hour, so that a battery of six ele¬ 
vators will run from 9 to 15 miles, although very rarely makin<*- 
over 12 miles per hour. With an ordinary car, .say from ;;<P 
to 35' area, this would mean from 3 to 3i kilowatt hours per e ;t r 
mile of travel, or say 35 to 40 kilowatt hours for a battery of si ^ 
machines. Without a battery this would require a 120 kilowat t 
machine as ordinarily rated, worked at an average of 35 to to p ei - 
cent. load. With a properly constructed battery a 00 or even a 50 
kilowatt machine will handle the elevators. 

Eoughly speaking, a storage battery should be able to Mam I 

twice the dynamo rate for from three, to seven or eight mvoiuIh, 
and the dynamo rate for one-half a minute. If it has an hour 
discharge capacity equal to the dynamo capacity in kilowatt 
hours, it should be perfectly capable to run the Saturday, Sun¬ 
day and night service required in an elevator plant without losiutr 
more than one-half its charge. 

So much for thegeneral conclusions on electric elevators, which 
are necessarily more or less brief. 

To meet the hydraulic machine there was designed ami devel 
oped what is now known as the .Sprague-Pratt 'multiple sheavo 

electric screw elevator, following the ge,,era! lines of a tendon 

hydrauhe machine m the matter of rope movement, limit safeties 
&nd method of control. 

The net result has been, that this machine now stands the 
ffitvwitl f y r ,Ki ClCVat ° r in thttt i(; hus if * and eapu 

tt 11Jl, " & .. i„ 

On high lifts it occupies less space; it is more llexilde in it* 
*^*~*~~«* to operate, and it is more easily 

General Description .—The machine may he described as tie, 
combination of two old elements with one new one, with sneeifie 

safeties and methods of control. ' I - 

Briefly, it is of the horizontal multiple sheave tvne with 
traveling crosshead and Motionless nut driven hy a hoivw revol ' 

lvhTL '— 1 ■ . 

The general con,tr„eti„„ „ f „ .. ^ 
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ing the traveling crosshead and the lower screw bearing, with 
special castings bolted at each end, one carrying the fixed set of 
sheaves, and the other the thrust bearing, brake and motor. The 
regulating apparatus is independent and self-contained, and is 
placed on the wall. From the car to the system of multiplying 
sheaves the direct multiplying machine and the horizontal hy¬ 
draulic elevator are practically the same. The crosshead, however, 
marks the point of departure in the two types. 

In the hydraulic machine, this crosshead is rigidly attached to the 
end of a rod which terminates in a piston moving in a cylinder 
having an inside length equal to the lineal movement of the cross¬ 
head. This cylinder in the vertical type of hydraulics varies 
from 30 to 50 feet in length, with from 2 to 12 sheave multiplica¬ 
tions, and in the horizontal types the multiplication runs as high 
as 14, with corresponding diminution of length of cylinder and 
increase in cross-section. Whatever the gearing, however, the 
length of cylinder is a function of the car travel. In this electric 
elevator, the crosshead being moved along a screw, stationary so 
far as the lineal movement is concerned, there is, with any given 
number of sheaves—only one variable—the length of screw ; and, 
for all heights above about 100 feet, the electric machine has an 
advantage in matter of length, which, with increased rises, be¬ 
comes of great importance. 

Looking to the needs of office buildings, there has been 
adopted two methods of rope multiplication, determined by 
the height of building, and so selected that the length of machine 
over all, shall not exceed about 30 feet for rises approaching 
300 feet actual car travel. From this the length grades down to 
about 21 feet, so that all rises between 60 and 300 feet can be 
taken care of with an extreme variation of nine or ten feet in the 
length of machine, and there is thus provided limiting dimension 
data of great convenience and utility. 

These systems of multiplication I may term direct and indi¬ 
rect. In the former, the entire multiplication, varying from six 
to ten, is done at the machine, and the ropes lead from the end 
sheaves over the shaft sheaves direct to. the car. A free counter¬ 
weight is used, the ropes being fastened to the car frame. In 
this method, which is that common to all horizontal and to many 
vertical hydraulic machines, the hoisting and counter-weight 
ropes have unequal duty; furthermore, the ropes having the maxi¬ 
mum bending, travel on the outboard sheaves at the same speed 
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as the car. This last is the case also with all vertical hydraulics. 
In some of the latter, the counter-weight is carried in the cylinder 
on the piston, or in the strap, or both, its weight being as many 
times that of a free counter-weight as there are multiplications. 
Sometimes both methods are used. 

Economy of operation and smoothness of movement, however, 
are antagonistic in their relations to the amount of countei-weight 
carried. The best method is probably that used when there is a 
single multiplication in the shaft, giving a two to one counter¬ 
weight traveling at half speed, and carried by all the cur-hoisting 
ropes, as is done for short-rise vertical hydraulic elevators. 

For long rises I have adopted a combination vertical and horizon¬ 
tal machine rope practice, giving even a more compact machine, a 
longer life of ropes, and better counter-weight results. 

In this indirect system there is a division of multiplication, 
which, while having the same effect so far as speed of car and 
length of machine are concerned as a high direct multiplication, 
has an entirely different result in the wear on the ropes and the 
amount of counter-weight which can be carried without jumping. 

This is accomplished by making one-half the multiplication 
(6 or 8) on the machine, the ropes, properly proportioned,going 
thence to the bottom of the counter-weight frame, which has a 
single multiplying sheave on top. The car ropes go over the 
shaft sheaves, under the counter-weight multiplier, and hack np 
the hoistway, where they are anchored, giving a car speed twice 
that of the counter-weight. The equalizing chains, used to make 
the pull of the car with any given load constant at all points of 
the hoistway, are fastened to the bottom of the countin’* weight 
frame and anchored in the hoistway. 

The space occupied by this multiplier is only two or three 
inches more than by ordinary form of counter-weight. A propor¬ 
tionally shorter screw, fewer revolutions, and sheaves of greater 
diameter, characterize this type of multiplying machine. 

This system seems to be the best yet devised for long rises, for 
not only do all the car ropes do equal duty, both with relation to 
the hoisting strain and the counter-weight, but the rope wear 
must be less, because of the division of speed and multiplication, 
the necessity of changing only one-half of the ropes at a time, 
and the possibility or reversal of the ropes on the multiplying 
machine to get a new wear. 

Where space is limited, I use a double decked machine, and in 
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the new Commercial Cable Building, which is to be 21 stories 
high, the machines will be treble decked, and about 10-j- feet in 
height. 

Details .—Turning now to the detail construction and operation 
of this machine, there are a number of features claiming special 
attention, each unique in character, and marking a radical depart¬ 
ure from all other elevator practice. These are the nut, screw, 
and thrust bearing, the brake, the motor and the regulator ap¬ 
paratus. 

One of the most interesting as well as important features, and, 
perhaps, the one which has been most frequently attacked, is the 
nut system. It joins the crosshead of the traveling sheaves by a 
conical seat. There is no fastening between the nut and the 
crosshead, the continual weight of the car always keeping them 
in contact; and the friction at this point, being greater than be¬ 
tween the nut and the screw, enables the latter to transmit a 
straight-line movement to the crosshead when the screw is re¬ 
volved by the motor, and also to revolve the screw and drive the 
motor as a dynamo when the mechanical brake releases the screw 
to allow the car to descend. These are the normal functions of 
hoisting and lowering. There are several other distinct functions 
of this nut which will be described in considering the “ safeties.” 

Continuing the line of transmission of power, the only points 
of contact between the interlocking nut and screw are by a chain 
of balls which occupy a number of threads, and enter and leave 
the ends of the nut through tubes which are connected together 
so as to make a continuous conduit. This is one of the most vi¬ 
tal points of the elevator apparatus, and herein lies one of the 
most potent reasons of its success—the reduction of friction by 
rolling instead of sliding surfaces on almost all parts under pres¬ 
sure ; for not only is the nut so constituted, being in fact a de¬ 
veloped spiral thrust-bearing, but the thrust-bearing at the motor 
end of the screw is taken on balls and the sheaves are carried on 
ball or roller bearings. 

This nut being a vital part, its development has been most 
thorough, and a peculiar treatment of steel which has been 
adopted renders its surface so hard that the wear is very small, 
and it is well within commercial limits. 

So free is the machine from static friction that it is possible 
to start the car with a very slight increase of current over the 
normal hoisting current, providing time be taken so that the work 
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done in acceleration is small to the work of lifting, although that 
is not the usual practice. 

The balls have an average crushing strain of 25,000 pounds 
each, but the working pressure varies from only 50 to 125 pounds 
per balk 

The nut system is a compound one, for, besides the working- 
ball nut there is another, called the u safety-nut,” to which I will 
make reference later, keyed to it, and between the two is a pow¬ 
erful spring under compression. 

The screw is a forged bar of high carbon steel with a peculiarly 
shaped thread, the finished screw having a tensile strength of 
700,000 pounds. It passes through the clearance hole in the 
steel trunnion crosshead, which carries the traveling sheaves, 
then through the nut, and is carried at the outer end by a fixed 
bearing. 




This screw is sectioned, being joined to the armature shaft by 
a cone-seated coupling, secured by a taper gib. 

The in-board end of the armature shaft, which is in effect, the 
extension of the screw, terminates in the thrust-bearing, where the 
pressure is taken by about 200 steel balls carried in a bronze guide 
plate and bearing, by specially hardened steel disks. The thrust 
of the screw being thus taken up on the in-board end, the strain 
on the screw is invariably between that end and the traveling 
crosshead—never beyond this; hence, it is always under extension 
strain—never under compression, and cannot buckle. 

The action of the balls on the screw, which is untreated, is 
peculiar. They form a path for themselves, partly by wear, but 
principally by rolling compression of the steel, which finally be¬ 
comes exceedingly hard, such that the edge of any ordinary 
machine tool would be turned. 

The balls themselves wear very evenly. Oblique forms in 
normal practice cannot exist. 
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Beyond the thrust-plates is keyed an iron pulley, connected 
a flexible coupling with the motor shaft. The function of 
brake is that of locking the screw when at rest, it is not a 
of varying the speed. In case of accident, it has the additional 
function of helping to stop the screw. It may be described && a 
compound electro-mechanical brake. A steel brake band, wood- 
lined, is anchored at one end, the hoisting-side on the motor-h^d 
frame, and the other end is continually pulled down by a power¬ 
ful spring under compression. The mechanical movement; in 
opposition is through the medium of a peculiar magnet. It ls 
operated by a dual circuit, one in hoisting, another in lowering. 1 11 
the event of failure of current for any reason, or too high a sp^ e d 
on the down run, this magnet releases the brake in the latter case 
by a snap switch, operated by an adjustable Pickering centrifti-g&l 
governor driven by the main screw—and the brake band promptly 
grips the brake wheel softly yet powerfully. 

Motw\ —The motor, which is of the multipolar type, is carried 
on the same casting which contains the thrust bearing. The fiold 
magnets are of steel, and are excited by two circuits ; one, known 
as the shunt circuit, being variable in strength at will, so as to 
vary the maximum speed of the machine, and the other, a series 
circuit, which acts to strongly compound the field. This type of 
elevators is differentiated from all other electrics by the fact that 
the action is like that of the hydraulic, for it always works aga i list 
gravity. In hoisting, the motor takes current from the line, Tint 
in lowering, its main circuit is cut off from the line, and the 
motor, rotating in an opposite direction, is driven as a dynam o 1 >y 
the weight of the car. A strong element of safety existed in 
the fact that the current in the field coils is never reversed, and 
consequently the machine is never demagnetized. Hence, under 
certain conditions of the operation of the safeties, it has a power 
of self-excitation which is of importance. 

The armature which turns in this field is of the ironclad ty pe, 
and not liable to injury of any kind. 

It is mounted on a sleeve, is of the 2-path series winding, lias 
a very large commutator, and, of course, multiple carbon brush es> 
The field coils can be removed without disturbing any other part. 

Control .—Considered in its simplest form, and in connection 
with its action upon the motor and multiplying machine, without 
reference to the means of communication between the car and tlie 
regulator, this last is a very simple device. It is composed of 
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two parts, each made up of peculiarly shaped iron grids of vari¬ 
ous sizes arranged in circular form, connected to eoppei <on 
on a slate disk over which passes a heavy carbon brush. 

The use of iron castings of a specific composition, possesses 
great advantage over any form of wire resistance, not alone m 
the matter of cost. They are flexible, they expand m any di¬ 
rection readilv, and, as made, they have a instance of from forty 
to fifty times that of copper, or roughly, that ot < -ernian silver. 
The grids are interchangeable, and any of them can be readily 

replaced. . , . . it ., 

One side of the rheostat is for regulation m hoisting, the othei 

for lowering. Instead of moving this regulator by hand, it is 
operated by a pilot motor wound with a right and left handed 

field, one or the other of which only at a time, can be in circuit with 
the armature. This pilot is connected to the rheostat arm by a 
single reduction worm gear, and‘is operated either from the base¬ 
ment or the ear, according to the position of the (l change over 
switch, by an “ up” and “ down ” button with an automatic lever 
stop which normally, has to he held by the operator to prevent the 
pilot returning to a stop position. The spindle of the rheostat 
arm operates switches co-ordinating in their movement, in turn 
controlling the magnetic make-and-break circuit switches, the 
down brake, and also the automatie stop lover switches which 
limit the pilot movement. 

The use of magnetic switches instead of hand control switches 
not only removes the arcing from the face of the rheostat, hut it 
gives the benefit of instantaneous cut-offs not possible by any 
other means of control. 

This, on fast machines is of the utmost importance, and the 
practical application is that if a car is on the “up” motion, and an 
operator, because of carelessness or because of fright lets go his 
stop handle, the current is instantly cut olT, the regulator follow 
ing to stop, and the car is arrested in tins shortest time practicable, 

Assuming that the circuit is made for the up movement, it. first 
meets with a resistance sufficient to about hold the ear and lift the 
brake. This resistance is then gradually cut out, the torsional 
effort of the armature is increased, giving the ear an upward 
movement with an acceleration depending upon the rate of move¬ 
ment of the rheostat arm, and with a final velocity determined 
by the point at which the arm is stopped. 

If, while hoisting, for any reason the current is cut off, the tor 
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sional effort ceases, the brake instantly comes into action and the 
car comes to rest. 

In lowering, the brake is lifted by an independent circuit, but 
the armature is first short-circuited on itself, and becomes a most 
powerful dynamic brake. As the resistance in this circuit is in¬ 
creased, the car runs faster. When it approaches the lower limit 
of movement, an independent retarding circuit is established, and 
gradually reduces the resistance. This brings the car to the slow¬ 
est movement. 

The pilot movement regulation is, to my mind, an absolute ne¬ 
cessity of fast passenger work ; and its application, although at 
first attended with a number of annoying difficulties, is to-day by 
far the most reliable method of control known. 

Safeties .—Of course, the vital question to be considered in any 
elevator system is that of safety. In that respect, I think, we are 
amply provided. Safeties may be considered under two heads: 

First, those on the car, and second, those on the hoisting ma¬ 
chine. 

On the car we use a special centrifugal which is attached to the 
lower section of the car frame. 

It consists of two long levers, short-fulcrumed at the sides of the 
car and operating clamping jaws which run in close proximity to the 
car rails, but normally out of contact with them. The inner ends 
of the levers overlap, and in action are pressed apart by a very 
powerful spring under compression. When out of action, these 
levers are drawn together, the spring is put under compression, 
and the system locked by a trigger. Near the trigger is a centrif- 
ugal governor, operated by a standing rope, which at a determined 
speed releases the trigger, frees the levers, and the safeties clamp 
the rails with a pressure of about 16 tons. This safety can be 
released from the inside of the car. 

In the car, as has already been described, there is an automatic 
stop contact which operates to bring the regulator to the stop 
position and the car to rest, in case the conductor removes his 
hand from the controller because of crowding, accident or careless¬ 
ness. 

On the hoisting machine there are a number of safeties. One 
which is perfectly apparent is due to the fact that the crosshead 
is moved by a screw with a heavy armature on the end of it, 
which is driven through the medium of a nut by a car of limited 
driving capacitj 7 . The screw itself is of forged steel,,under ten- 
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sion and torsion strains, with a safety factor of at least twenty 
to one. 

The hoisting nut, as already described, is hardened by a specific 
process which makes its wear very limited. In addition to 
this, there is in the nut system what- is called a “ safety 
nut. 55 formally this is out of contact with the thread of the 
screw, but it is secured to the hoisting nut, and should any acci¬ 
dent happen to the latter, breaking its hold on the screw, this 
safety nut, the threads of which interlock with the screw’s threads 
to a greater depth than the thread of the hoisting nut, would 
then take the place of the hoisting nut and securely grip the 
screw. This would put the elevator out of operation because 
the friction between the nut and screw would be greater than the 
friction of the traveling crosshead, and it would act simply as a 
collar on the screw. 

The nut system has in addition another function. Since the 
hoisting nut is only held from revolving by its friction against the 
crosshead, when the nut gets to the upper limit of its travel the 
safety nut meets a solid collar on the screw which stops its travel, 
causing it and the ball-bearing nut to revolve with the screw, 
without, however, necessarily stopping the motor, and leaving 
the traveling sheaves to be stopped simply by the weight of the 
car. 

There is still another function performed by the nut system, 
that of a slack cable device. If for any reason the car in descend¬ 
ing, when of course the nut is driven along by the screw, meets 
an obstruction, the pressure on the nut being instantly reduced, 
it recedes slightly, allowing the springs between it and the safety 
nut to expand, throwing the latter into back contact with the 
screw threads. The nut system then instantly grips the screw, 
revolves as a collar, and consequently acts as a check against any 
marked movement of the crosshead corresponding to a free fall 
of the car on the ropes. 

Assuming, however, the condition of a perfectly free release 
from all operative safeties, there is a limit to the rate of revolu¬ 
tion of the screw, and in any event there is a rubber buffer at its 
lower end which would cushion its stop so as to prevent any in- 

j™7* 

Besides the lower limit switch, which has already been men¬ 
tioned, which puts an increasing retarding force on the motor, 
there is an upper limit switch for cutting off the current; this is 
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a self-cleaning lock switch, operating in both directions, and 
moved by a roll on the crosshead. It cuts off the current in 
hoisting in the upper limit, and allows the brake to come on. On 
the reverse movement it is automatically closed. 

I have already mentioned the governor on the machine, which 
is called a “ monitor centrifugal.” This is for operating the brake 
when running too fast. In hydraulic elevators there is no speed- 
operated device in case of fast running except the centrifugal on 
the car, and this is frequently set so much above the normal 
speed on account of the annoyance of having it operated by a 
temporary excess, as oftentimes to be useless when actually re¬ 
quired. The monitor centrifugal does not throw the machine 
out of operation, but simply slows it up to any desired speed, and 
then allows the operator to resume control. 

The dynamic action of the machine is made use of in still an¬ 
other way by the introduction of an “ automatic choking circuit ” 
and switch operated by the same circuits governing the main 
brake. It is in constant play and closes the circuit around the 
armature and its series coils through a rheostat under any of the 
following circumstances: At each stop from up or down ; when 
running down fast enough to work centrifugal on the machine ; 
on failure of the hoisting current, or on failure of the line cur¬ 
rent. 

So positive is the control over the motor, no matter whether it 
be operating to hoist the car or retard it in going down, that the 
brake band can actually be removed and the car still controlled, 
and even with the brake in normal position the change from one 
position to another can be made so promptly that it will remain 
inactive. 

Such is the machine which has been developed during the past 
three years, and whose first application in a large battery in the 
Postal Telegraph Building seems destined to have the same effect 
on the elevator industry that the plant at Richmond has had on 
the railway industry. It is only permitted to me, of course, to 
make the briefest allusion to this, but as illustrating in some de¬ 
gree the extent of this industry, buildings of from five to twenty- 
one stories in height are being equipped with batteries of from 
one to twenty-six machines of various types, and the business of 
a single company employing some two or three years ago a hand¬ 
ful of men, now demands a constantly increasing force already 
numbering nearly five hundred. 
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Discussion. 

The Chairman :—There is no question whatever that the 
subject which has been before us to-night is one of the most 
intense interest. Mr. Sprague has shown us what energy can 
accomplish in a few years, in an entirely new departure in the 
applications of electricity, and I think many gentlemen present 
will be glad to learn much more than Mr. Sprague has been able 
to show us of the subject in the time at his disposal this evening. 
Are there any questions that gentlemen would like to ask, or is 
there any discussion % 

Mr. Charles P. Steinmetz : — I think you will agree with me, 
that we have listened to a very interesting paper, and especially 
have seen some very pretty pictures. There is, however, still 
another side of the question of electric elevators, that of the 
central station supplying the power. You all know that no satis¬ 
factory lighting service can be derived from a railway circuit. 
Now elevator work is very similar to railway work. It is 
greatly fluctuating, the elevator taking at irregular intervals very 
large power and no power, and therefore it is of very great im¬ 
portance to know how much current the elevator motor takes in 
running, and how much in starting. If the elevator is run from 
an isolated plant, it will probably be operated from a special 
generator; but if an attempt is made to operate it from the same 
generator as the lighting, and the lights flicker every time the 
elevator starts, in consequence of excessive current taken by the 
motor, it concerns only the user of the isolated plant. 

When operated from a central station, however, the regulation 
of the system as a whole is of the utmost importance, and, there¬ 
fore, the first consideration must be, how much power the ele¬ 
vator motor takes in starting and in running. 

I am sorry to see that in this otherwise very extensive paper, 
no data whatever are given of the amount of current consumed 
by the motor in running or starting with a given load, although 
these data would obviously be the most interesting part of the 
paper for an electrical society. In general, I should expect that 
the gravity elevator would be inferior, in this regard, to an ele¬ 
vator with over-balanced car, since in a gravity elevator the 
descent is made without power, and consequently during the 
ascent the motor has to do twice as much work, and thus prob¬ 
ably takes twice as much power as an over-balanced car, in 
which latter case the motor does equal work during ascent and 
descent. Furthermore, it would be interesting to know whether 
any attempt has been made to keep the current in starting within 
reasonable bounds. Obviously the torque required in starting is 
greater than in running, and an ordinary shunt motor will there¬ 
fore take a larger current in starting than during operation at 
speed ; which current, if sufficiently large, exerts a vicious influ¬ 
ence on the regulation of the voltage in feeders and mains. For 
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this purpose attempts should be made to design the motor in 
such a way that m starting it will consume less current than when 
running at full speed, and still give more than running torque. 
^ .y°?. interesting to know how the elevator motor de¬ 
scribed m to-night’s paper behaves in this regard, and also how 
elevator motors manufactured by other concerns act therein. 

Du. Gaby T. Hutchinson:— Might I suggest that the remarks 
0± m Ver ^ )od ^ ^ m ited to about three minutes? It is very late. 

I he Chairman: The Chair is of opinion that the discussion 
should be limited to the subject presented by the lecturer of this 
evening. 

Mr. George Hill : —I had taken very much the views ex¬ 
pressed by Mr. Steinmetz. To a consulting engineer, employed 
to pass on the question by an architect or an owner as to the rela¬ 
tive economy of an electric or a hydraulic machine, this paper, in 
its title, appeared to be of very great interest. It seems to me, 
in view of the fact that the electric elevator industry is more 
than seven^years old; that in this town alone there are nearly a 
thousand electric elevators in operation, the only excuse for de¬ 
scribing a special device, which from my point of view is still of 
questionable utility, would be that it was so economical as to 
warrant a description of the machine to show why it is econom¬ 
ical. Now we have in the paper that has been read before us 
this evening, not one word as to the facts of the economical opera¬ 
tion of the machine. 

. 1 have observations, a great many of them ; 1 have 

installed a great many electric elevators and have watched 
Uieir operation very carefully. I have ridden on the Postal 
Ielegraph machines a great many times. I have observed the 
generating plant in the basement of the Postal Telegraph Build¬ 
ing. I have ridden on a great many high-speed hydraulic pas¬ 
senger elevators, and, although I am a very strong advocate of 
electric elevators in their place, I affirm that so far as my experi¬ 
ence goes, there is absolutely no machine to-day which can com¬ 
pare with the hydraulic high-speed passenger elevator. 

Me. Sprague: —The gentleman has just said, and here he 
rather contradicts an assertion made by another before him, that 
the _ electric elevator is not, and perhaps cannot be made, the 
equivalent of the hydraulic elevator, either in the matter of 
service or economy. It was naturally impossible in the limits of 
tins paper to go into all the details of the operation of a plant, 
and I much prefer that they should be brought out in discussion! 
Elevator service is. of a distinct character. It deals with large 
powers; the requirements are the severest. Human life is the 
stake, and no manufacturer has the right, whether on the score 
of economy or otherwise, to ignore that vital fact. 

The drum machine, which is the only one which can be over¬ 
counterbalanced, and which I briefly described to-night, is one 
which I very cordially and fully recommend for slow speeds and 
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limited rises; that is, for a service which can be subordinated to 
the requirements of the machine and a central station. Its 
manufacture is not exclusive; it is made by my own company 
and a dozen or more others. When, however, we come to deal 
with the elevator question as it has been developed by modern 
practice, and wish to supplant the hydraulic with an electric ele¬ 
vator, then we must surround that machine with at least all the 
safeties which exist to-day on the hydraulic plant. It must have 
absolute limits of travel; it cannot be a drum machine with no 
fixed limits. It must not be subordinated to conditions which 
may send it into the overhead sheaves or into the basement. The 
automatics of drum machines can be so disarranged, and certain 
electrical conditions may arise which will make that machine on 
fast service absolutely dangerous. It is true, as Mr. Steinmetz 
has said, that under certain conditions of over counter-weigh ting 
a drum machine can be run with less maximum current demands 
than a gravity machine. That goes without saying ; but, taking 
my own experience, it is fair to assume that there must be a rea¬ 
son for the existence of the multiple screw machine, since I am 
building it at the same time that I am building machines of 
other types. 

He says the electric elevator of this type cannot do the duty 
of the hydraulic elevator. Why? Can it not be run as fast ? 
Will it not lift as large a load? ITas it not all the safeties 
which characterize a hydraulic elevator ? It has every required 
attribute of speed, lifting capacity and safety. In fact, it has 
more safeties than a hydraulic elevator. As an instance, there 
is not a hydraulic machine in the world which will permit an 
operator to leave his regulator with the certainty that that car 
will be brought to an immediate stop. This single characteristic 
of this type of electric elevator control would, if capable of be¬ 
ing applied to the hydraulic machine, have saved the lives of a 
great many people in the state of New York in the last year. 

He raises the question of economy. I am entirely ready to 
accept any challenge on that score. It comes down to the num¬ 
ber of pounds of coal per car mile of travel, the care and attention 
of machines, and the depreciation of working parts. 

There is notan elevator of any kind in the city of New York 
that averages over one-third of the maximum load on its ropes, 
because the public rides to suit itself, and not the economic re¬ 
quirements of a plant. A car weighs from 2,500 to 3,500 
pounds, and is under counter-weighted so that the net dead 
weight, or excess of car over counter-weighted, varies from 800 
to 1,500 pounds. The car should be able to carry from 2,500 to 
3,000 pounds without being stalled; yet there are very few hy¬ 
draulic elevators, unless over-pressured, which cannot be stalled 
by loads which it is possible to put in them. We have never 
yet stalled a screw electric elevator by any load which it has 
been required to carry. 
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The average live load on an elevator is not over 500 or 600 
pounds, so that, including the excess of car over counter-weight, 
the net average load on the ropes is not over one-third of the 
maximum. Whence goes the energy representing this differ¬ 
ence l Heating water in the cylinders. Can it be overcome 
I he attempt has been made to use a differential piston on one of 
the largest plants in this city. From an economic standpoint it 
is an absolute failure, for on the particular plant I have what I 
believe to be reliable information to the effect that they are 
using at least four times the coal originally guaranteed. 

On another modern plant on which the differential piston is 
not used, the equivalent work is the pumping of nearly two and 
a halt tons of water a distance about 40 feet greater than the 
run of the car for every trip, full or empty. Does that repre¬ 
sent economy? 

On another building in this city, the conditions originally set 
forth, ii followed out by the particular hydraulic system, would 
lequiie the lifting of a piston and sheaves weighing over 20,000 
pounds a distance half the height of the building for every trip 
of the car, full or empty. 

And now about the expenditure of power on electric eleva- 
JV ?*., cai> s of the standard size there will not be used over 
of olowatts of electric energy for each car mile in actual aver¬ 
age service. The electrical engineers in this room can make 
their own calculations as to what they can develop that amount 
or energy for. r 

] n the hydraulic systems of this city varies 
irom 48 to 110 pounds per car mile of travel. 

The coal burned on the electric system, will vary from 30 to 35 
enouo-h? Pei Car !m e trav_e ^' ^ re tbese statements specific 

. 0n ° a . , recent test in the Postal Telegraph Building, in which 
ab * olute ly without special boiler prepara- 
tron, but with all the service of the building excepting the ele- 
vator, the house pumping and the pneumatic services eliminated 

1)163 pounds of <*“re 

lO nercenf ra V ncludin g a11 three services. With 

oLSds rlf f ° r P u “P m f’ thls the equivalent of 224 
nW If Per Ca - m ‘. Ie 0f traveL There M not a hydraulic 
record f 6qUal Capa “ ty m this cit T which can show such a 

The amount of coal burned is not the only feature to be eon- 
sidered in a hydraulic plant. It costs money to pack the cylinders 
of a hydraulic elevator, and on fast speeds, high lifts and bio-b 
prmmes ,h,s j a serious item, tie cost bdi* 

$lo to $.10 each packing. The good service which the hvdraulfo 
elevator has performed during the past years is not acriterion 

r 'If modern building service, for on such dutv 

ylmders have sometimes been packed as often as every three 
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weeks for a long period of time, and this can be easily verified 
by taking the early records in any of the high buildings. 

" Again, cylinders may pit badly when the water is poor. In 
the Hotel Netherlands the two main hydraulic cylinders were 
taken out after a service of practically only eleven months, also 
an electric drum machine, and the cost of the changes could not 
have been less than $10,000. It is an exceptional case, and an 
unfortunate one, but all the same it existed. 

The wear on the electric elevator, corresponding to the packing 
of the cylinder on the hydraulic elevator is on the nut, screw and 
thrust bearing. Now these screws are not things of very grave 
cost, but if they wear five or six years, as they will the annual 
depreciation, measured in dollars and cents, is not more than the 
average cost of a single packing of the hydraulic elevator. The 
operative nuts will wear equally long, perhaps longer. We have 
not yet worn out one of our standard nuts. 

An external central station is not the only source of electricity. 
Such a system labors under some disadvantages There may be 
aldermen to look after, street rights to obtain; there is the cost 
of distribution, meterage and repairs. Every man knows that a 
central station, so far as the generation of electricity is con¬ 
cerned, is the more economical, much more so than a local or 
isolated plant can normally be. There happens to be, however, 
in all large buildings, a number of problems which have to be 
considered. 

Take, for example, a building like the Manhattan Hotel, which 
I am equipping. They have their lighting and a distributed 
elevator service with special problems. Sometimes the guests 
get cold, and the building has to be heated; sometimes hungry, 
and their food must be cooked; perchance thirsty; and cooling 
drinks must be supplied, this last is not the only service for the 
refrigerating machines. A laundry may find a place in a hotel, 
and bathing is occasionally indulged in. For all these purposes 
steam must be supplied. Of course, a man can put in his steam 
ice machines, and he can put in hydraulic elevators with a pair 
of duplex pumps, and a roof tank or a pair of compression tanks; 
he can put in his boilers for doing that work, and for supplying 
the steam otherwise required, and the lighting problem remains. 
Then he can go to the street for that lighting, but I should be 
surprised if a competent electrical engineer would hold that this 
method of dividing supply is as economical as a system of electric 
generation with interchangeable units, either three of one size, or 
two of one size and two of a half size. 

Suppose one is operating an office building. What do the 
tenants get? Their light and the elevator service, heat and ven¬ 
tilation. How much light ? All they want. That is the great 
commercial problem here in New York, when dealing with ex¬ 
isting conditions,—the difficulty of using a meter in a building 
where a man expects his light with his rent, and where he goes 
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cleaners ! ~ a ' reS ad ° f tlie burning, subject to the will of the 

Hence a man should generate power in his building for all of 
the service of the building, or take it from the outside for all 
the service possible.. There is a line of demarcation determined 
bj the size of building and the extent of its service. I fail to see 
how it can help him to get his lights and steam from outside, and 
pump his water inside. If he stavs inside at all, he would better 
stay inside entirely. 

the practical result is, that in the Postal Telegraph Building 
the number of lights, the car miles of elevator service, the air 
pumped, the motor converters operated, and the number of hours 
of service aggregate more for a given amount of coal than like 
services anywhere m the city of New York. 

It is pertinent to ask : Where is this coal saved ? In the lights 
which are run according to standard practice, in the telegraph 
service, which is special, or in the elevat .r service? Ordinarilv 
die amount of coal used in a building of this kind for elevator 

wT™ a °w 18 J r S m ^ !° 3 t tons of C0al pe r dav of 12 hours. 
We can shut off the entire elevator service of tlie Postal Tele¬ 
graph Building and run from the street, and save only an average 
of a ton of coal m 24 hours, and if a man has to pay a difference 
o from $b to $10 a day more for coal for using hydraulic elevators 
instead of electric, he will find it a continuous interest charge on 
a rather large investment. 

+ J S 1 ha 7 6 answered ex l?beitly some of the questions as to 
the mattei of economy, but if those answers are not definite I 
will make them more so. ’ 

h J\*; : ~ No t w Iet us have the facts. Mr. Sprague says he 
has lots of them. Let us have those facts added to his paper, and 
then we will see how they compare with other facts obtained 

anybody! “ d ^ “ he is r ® h, > 1 •*“»* « - 

C “ AELES E -kiiEETIndependent entirely of commercial 
•rS ,10nS r° r -n 6 me 7 tS and demerits of hydraulic and elec- 
¥ t 1 W i T tJ i at P ersona % I am very much obliged 
in M for his^ lecture to-night and for an opportunity 

to see in detail his admirable apparatus—admirable m design^ 
wonderful m execution. I think that there are many here m3 
of the same mind, and therefore move that a vote of thanks be 
tendered the lecturer of the evening. 

Mr. Hill :— I second the motion; Mr. Chairman. 

Ine motion was carried. 

Mr. H. Ward Leonard: —As regards the question of power re- 

tion re r bl° r ,n g ’ f Dd “ W d ? the question of economy in opera¬ 
tion^ hose are the two principal points which I personally have 

been giving attention to, in connection with methods for operating 
Mec nc eJevators I have not had anything particular!, to do 
with the practical development of ideas of my own which I 
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have spoken of before on this floor. But they have been used 
by the Otis companies, and plants have been installed which are 
exactly on the lines of the method of control which I have de¬ 
scribed to you. This method of control, as you may remember, 
is one in which—in the case of an isolated plant such as an office 
building—a generator is in operation for each elevator that is to 
be run, and the fields of the generator and the fields of the mo¬ 
tors are excited from the lighting circuit. I agree with Mr. 
Sprague in his statement that the power for these electric ele¬ 
vators in large buildings will be obtained from isolated plants, 
and that there will always be a lighting plant in a building of 
that nature from which the current can be taken for the excita¬ 
tion of the fields of the motor on my system of control. A 
plant having three elevators of this nature has been installed in 
this city which has been recently tested. They are drum ma¬ 
chines, and were tested at an operating speed of 450 feet a min¬ 
ute. In starting, the power required is something less than 15 
horse-power. As to the water consumption, the Otis company 
is prepared to guarantee 150 pounds of water per car mile run. 
The elevator stops by the production of electric energy by the 
elevator motor acting as a generator, and furnishing its current 
back to what was formerly the generator, working it as a motor, 
tending to accelerate the engine. This amount of energy is 
really quite a large factor, it is no theory. It is an apparent 
and important factor in the economy of operation. The plant is 
simplicity itself, as compared with the very ingenious methods 
and devices which have been shown us to-night, as it has merely 
a standard shunt-wound generator and a standard shunt-wound 
motor, and a drum and worm, with an attachment on the ele¬ 
vator drum by which a travelling nut inserts a resistance auto¬ 
matically at the top and bottom of the elevator excursion, to au¬ 
tomatically stop the car in its motion. The stop is peculiarly 
smooth because of the fact that no mechanical brake is used, and 
the energy, which in the case of the elevator described by Mr. 
Sprague is used somewhat for braking by using the energy pro¬ 
duced by the elevator in its stopping, is in this instance not 
merely electrical energy produced and then wasted in a rheostat, 
but a large portion of it is saved as it becomes usefully stored in 
the energy of the fiy-wheel of the engine and becomes available 
later for operating the elevators. In the case of elevators work¬ 
ing on this plan, when operating from a central station, there is 
between the elevator itself and the source of supply a rotary 
transformer of energy, which means a mechanism which com¬ 
bines a motor armature and a generator armature. An elevator 
operating on that plan will entirely eliminate the difficulties 
mentioned by a former speaker, due to starting elevators upon 
the Edison three-wire system, which does require a close regula¬ 
tion of pressure on the lamps. There are plants of that nature 
which have been running two or three years, and there is this to 
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be said about some ten plants that have been installed on 
this method of mine, and that is that, so far as I am aware, and 
so far as I can learn, not one has ever had any portion of its 
plant replaced on account of breaking, or accident, or wearing 
out, or from any other cause. 

The Chairman :—The Chair will announce the discussion 
closed. 

Mr. 0. O. Mailloux I would like to hear this discussion pro¬ 
longed, though not this evening, perhaps.. I myself came a long 
way to hear the discussion, and it is a subject of too much inter¬ 
est to be closed immediately. There may be other statements 
that other people might want to advance and discuss, and there 
is a great deal to be said in relation to electric elevators. I 
might wish to say something myself. 

The Chairman :—What is the sense of the meeting % 

Mr. Holmes:— I move that the discussion be extended half 
an hour. 

Mr. Hill: —Before you put that motion, Mr. Chairman, I 
like to move an amendment to it— that the discussion be defer¬ 
red to the next meeting. 

[The motion as amended was carried.] 

The Chairman: —Before we adjourn, I have a request from 
Mr. Steinmetz to read a short communication. I presume he 
will be very short. 

[Mr. Steinmetz read a communication.] 

The Chairman : —What action will the Institute take on the 
communication of Mr Steinmetz % 

Mr. Townsend W olcott :—Is that in the definite form of a 
motion ? 

The Chairman :—It is a communication to the Institute. It 
is open for action. A motion is in order in regard to the com¬ 
munication. 

Dr. F. B. Crocker :—I move that it be referred to the 
Council, where it should have been sent in the first place. 

[The motion was carried.] 

Adjourned. 

Discussion at Chicago. 

The Chairman [Mr. R. H. Pierce] : —We are all very much 
interested in this paper, and we consider ourselves fortunate in 
having Mr. Arnold, who has considerable knowledge of the sub¬ 
ject, to explain it to us. I think that all of us have a great deal 
of admiration for Mr. Sprague, for we all know the energy, and 
courage and ability which he has manifested in electric street 
railway work, and I have no doubt that he is equally efficient in 
electric elevator work. He was a pioneer in making the electric 
street railway a success, and he has in the paper brought out a 
number of good arguments in favor of electric elevators for high 
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class work to replace hydraulic elevators. Whether or not we 
agree with Mr. Sprague in all his conclusions, we certainly owe 
him considerable deference, and ought to respect his judgment, 
as he has shown himself in the past to be a pretty good authority 
on similar lines of work. We probably will not agree to many 
things in this paper. Many statements are made in regard to the 
inferiority of hydraulic and steam elevators, and some of these 
we will not assent to. The only thing we have to regret is, that 
the paper covers so much ground that we are unable to let Mr. 
Arnold explain it as fully as we would like to have him do, or to 
go into a discussion such as the paper is worthy of. However, 
let as many as possible give us their views of this paper to-night, 
and make what criticism, or ask what questions they can in our 
limited time. 

Mr. Frank B. Rak I am not prepared to discuss to any large 
extent, the paper which has just been presented to us. I think, 
as our Chairman says, that Mr. Sprague is entitled to a good 
deal of the credit for the development of the electric ele¬ 
vator. There are a number of things about the Sprague machine 
which I would like to know more about, before expressing any 
very decided opinion. There are a number of things connected 
with this machine, which I am at present inclined to question. 
The controlling device is one thing which 1 would like to be 
more familiar with, and somehow, I cannot reconcile myself to 
Mr. Sprague’s methods in this machine by which he attempts to 
reach hydraulic practice. I agree witli him that it is a good 
thing to have a mechanical limit to the travel of any machine. 
It is perhaps necessary to go to to this kind of a machine in order 
to obtain that limit of mechanical travel. 

I would like to have Mr. Arnold tell me the necessity for the 
large starting currents. Is it altogether necessary that these 
should be used in the time that acceleration is required to get 
this machine to speed? There is a reference in Mr. Sprague’s 
paper to kilowatt-hours per car mile of travel of the car. He 
tries to reduce it to something like the car mile of the street car. 
I do not see how he arrives at the cost of operation in that way. 
As I understand, it, he makes so many feet, or so many miles of 
car travel for so much cost of power, without any reference 
whatever to the load that he carries, or the number of stops that 
he makes. It seems to me, that the number of stops and starts 
that are made in the elevator car travel would have a great bear¬ 
ing upon the cost per car mile, it certainly is a fact that you 
can lift a given load at a given speed with a given expenditure 
of energy ; with a hydraulic machine, or any other, it takes so 
much energy to lift so much vreight. The only thing would be 
that the less load, the less friction there would be in the lifting 
device. Every time he starts that car and puts it to speed, he 
must expend more energy than would be required to run it a 
very considerable number of feet at full speed. I would like to 
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understand how he arrives at that particular point of actual 
expense. 

Mr. B. J. Arnold :—In referring to the starting current, there 
is no doubt that these machines take a high starting current on 
account of the ear not being entirely counter-balanced. "We 
therefore have a very heavy mass which we must accelerate very 
rapidly. If time was given to accelerate this heavy weight, it 
could be done gradually with a moderate, current getting it up 
to speed with a low consumption of energy. It takes a large 
current, however, to start it quickly, but the objection, such as it 
is, is largely overcome by the non-consumption of current when 
the car descends. Many elevators take smaller starting current, 
but they must use current to descend with, resulting in an equally 
high, if not higher, average consumption of current per foot-pound 
oPlive load carried, than is consumed by the machine under con¬ 
sideration. I have had occasion recently to test three of the 
leading worm-gear counter-balanced car elevators, and reduced 
them all to a kilowatt-hour car mile basis. 

Prof. W. M. Stine:—H ave you investigated the number of 
stops per mile ? 

Mr. Arnold:— Yes, I have a record of the stops. The ele¬ 
vator service in leading office buildings is very similar, so that 
in taking tests of several plants, you get pretty accurate basis of 
comparison when reduced to a kilowatt-hour car mile basis. 

Mr. Rae :—What average of stops would you compute per 
car mile ? Does not every start of the car, does not the number 
of times you start the car, affect the cost per car mile ? What is 
the average number of stops you are going to allow to the car 
mile ? In considering this ear mile cost, the energy expended in 
starting and accelerating the load, seems to me quite as much a 
part of the problem as operation at full speed, and as this energy 
expended varies with the load, I cannot see how it can be deter¬ 
mined, except for each individual machine by test, where the 
cost should be divided at least into two parts, starting and accel¬ 
erating, and running at full speed. 

Mr. Arnold :—in ordinary office buildings, the service is so 
nearly similar, that the relative tests of different machines give 
fairly reliable results, and on that basis I have made the tests and 
compared the different costs, taking into consideration the num¬ 
ber of feet each car travels. Prom these records the energy con¬ 
sumed varied from 4 to 74 kilowatt-hours per car mile. 

Prof. Stine: —To get a correct result, of course you must 
test at a uniform speed. In taking average service, and that is 
the only thing you can do, and, at best, your figures under those 
conditions are not absolutely correct, you cannot get absolutely 
correct figures on elevator tests. You knowthey are correct under 
the conditions in which you test them, but you cannot make a 
uniform load under which you can make all tests. You do not 
always get the same basis for comparing the cost per car mile. 
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Mr. Neiler: —May I ask Mr. Arnold if he has any data con¬ 
cerning the hydraulic service \ 

Mr. Arnold :—I do not consider that the conditions under 
which the hydraulic elevator tests were made were very favor¬ 
able, so it would not be fair for me to state just what the figures 
were. 

Mr. Stevens :—As I understand this paper, one of the main 
points is the economy of the electric elevator, due to the fact 
that the motor will adjust itself automatically to the load which 
the car itself carries, while the comparison is made, that in the 
hydraulic elevator it is necessary to do the full amount of work 
whether there be a heavy or light load in the car. Is it not a 
fact, that the actual work for the varying load of the car is so 
small a feature in the amount of power required in each case, 
that it would be rather in favor of the hydraulic elevator. 

Mr. Arnold :—No ! 1 think the variable load gives the electric 
elevators a distinct advantage. In the average hydraulic elevator 
plant, there is required from 70 to 100 pounds of steam per horse¬ 
power hour of work, delivered to the car, while in an electric ele¬ 
vator plant, the same energy is given to the car by the consumption 
of about 40 to 50 pounds of water, thus effecting a large saving 
in the fuel required to evaporate the water at first. Again, the 
electric elevator service has all the advantages that are claimed for 
an electric street railroad, when being operated on a variable load, 
viz.:—The absorption of power in direct proportion to the 
live work done; consequently the variation of the live load 
enters very largely into the efficiency of the plant. 

The point so well brought out by the author of the paper, 
that as all large buildings now have an electric plant, the electric 
elevator becomes merely an adjunct to the main plant instead of 
a distinct plant itself, as in case of the hydraulic, should com¬ 
mend the electric elevator side of this question. 

Mr. Stevens: —The hydraulic elevator is usually able to 
stand side by side with the electric elevator, if the correspond¬ 
ingly advanced ideas of machinery are put in. Very little en¬ 
gineering ability, I think, lias been used in putting in pumps for 
hydraulic elevators. I think a change in the pumps in many of 
the buildings would increase the efficiency of the plant at least 
40 per cent. 

Mr. Arnold —I think We will find a very marked economy 
in favor of the electric elevator, even when we get there. 

Mr. Albert Scheible :—At the Auditorium Annex, in this 
city, there were some tests made of the hydraulic elevators, 
count being taken of the number of persons in the car, the num¬ 
ber of stops made, and the number of starts, and the steam and 
water consumption. These tests were made for comparison 
with some of the Sprague and other papers. 

Adjourned. 
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New York, February 26, 1896. 

The 103d meeting of the .Institute was held this date at 12 
West 31st street, and was called to order by President Dunean, 
at 8 p.m. 

The President:—The first business before us to-night, after 
Mr. Pope has made some announcements, is on the motion to In¬ 
corporate the American Institute of Electrical Engineers. 

The Secretary read the following list of associate members 
elected and transferred at the meeting of Council in the after¬ 
noon. 


Adamson, Daniel, 
Badeau, Isaac F. 
Collett, Samuel D. 

Decker. Edward P. 

Foster, Samuel L. 

Grtffes, Eugene E. 
Montague, Ralph L. 
Reid, Edwin S. 


Manager, John Adamson & Co., 
Hyde, Cheshire, 

England. 

Ass’t to the Engineer, Met. Tele¬ 
phone and Tel. Co.; residence, 
213 W. 121st St., N. Y. City. 

Engineer Construction Dep’t Met. 
Telephone and Tel. Co., 18 
Cortlandt St., N. Y. City; 
residence, Van Pelt Manor, 
N. Y. 

Electrical Engineer, Met. Tele¬ 
phone and Tel. Co., 18 Cort¬ 
landt St., N. Y. City ; residence, 
Yan Pelt Manor, N. Y. 

Electrical Engineer, Market St. 
Railway Co., 19 Hobart Bldg ; 
residence, 839 24th St., San 
Francisco, Cal. 

Senior Partner, firm of Grilles 
and Sumner, 307 South Main 
St., Los Angeles, Cal. 

Chief of Electrical Department, 
The Gold Dredging Co., Ban- 
naek, Mont. 

Sup’t of Construction, Standard 
underground Cable Co., 18 
Times Building. 1ST. Y. City ; 
residence, 116 W. 11th St. 
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Ohas. F. Sise. 

Henry Jackson. 

C. A. Carus-Wilson. 
J. J. Carty. 

T. T. P. Luquer. 

H. Loewenherz. 

John W. Howell. 

J. J. Carty. 

U. N. Bethell. 


J. J. Carty. 

U. N. Bethell. 
Herbert L. Webb. 

F. E. Smith. 

J. A. Lighthipe. 
Louis M. Clement. 

Alfred E. Wiener. 
Leo Daft. 

Joseph P. Stone. 

R. W. Pope. 

W. D. Weaver. 
Samuel Insull. 

S. D. Field. 

M. M. Davis. 

R. W. Pope. 
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Sharpe, E. C. Consulting Electrical Engineer, Chas. T. Lindner. 

20 Potomac Block, Los An- T, A. W. Shock, 
geles, Cal. W. C. Cheney. 

Sullivan, Edward, United Electric Light and Power N. Tesla. 

Co., 108 Fulton St , N. Y. City; Wm. Maver, Jr. 
residence, 337 W. 18th St. * C. C. Haskins. 

Total, 10. 

TRANSFERRED FROM ASSOCIATE TO FULL MEMBERSHIP. 

Approved by the Board of Examiners, January 8th, 1896. 

Shepardson, Geo. D. Prof, of Electrical Engineering, University of Min¬ 
nesota, Minneapolis, Minn. 

Sinclair, Henry A. Electrical Engineer, The Tucker Electric Company, 
New York City. 

Nunn, Paul N. Consulting Engineer, San Miguel Cons. Gold Mining 

Co., Telluride, Colo. 

Winslow, Geo. H. Electrical Engineer, 700 Lewis Block, Pittsburg, Pa. 

Gharky, Wm. D. Sup't Underground Cable Const, and Maintenance, 

Philadelpia Traction Co., Philadelphia, Pa. 

Fish, Walter C. Manager Lynn Works, General Electric Company, 

Lynn, Mass. 

Total, 6. 

The President :— I would now ask Mr. Vansize to give briefly 
the reasons why it is desirable to incorporate the Institute. 

Mr. William B. Mansize read the following committee report 
and explained the points involved. 

This Committee was appointed by the Council at its meeting on December 
18th, to consider the question of the “ Incorporation of the Institute and the 
changes that may be necessary and advisable in the Constitution.” 

The Committee met on January 8th. After some discussion it was decided 
that- it would be advisable to divide the work of the Committee into two parts, 
and to consider, first, the incorporation of the Institute ; second, the necessary 
and advisable changes in the Constitution. This was deemed necessary, since 
the meeting that will be called to vote upon incorporation, must vote unani¬ 
mously in its favor in order that the action may be valid. 

Your Committee believes that it will be greatly to the advantage of the Insti¬ 
tute to be incorporated, and recommends that the necessary steps outlined below 
be taken to make this change. 

A voluntary association, such as the Institute now is, has no standing before 
the law and cannot receive bequests or hold property. Every member of such 
.association is individually and jointly liable for all debts incurred by any agent 
of the association. 

A corporation, on the other hand, has a standing before law, it can acquire 
property by grant, gift, purchase or bequest and hold and dispose of it for the 
purposes of the corporation. The ultimate liability for debts, for which a judg¬ 
ment against the corporation has been obtained, and remaining unsatisfied, is 
limited to the Directors, and is not shared by the members of the corporation 
individually. This responsibility of the Directors is a limited one, and extends 
■only to such debts as are contracted by the Directors during their term of office 
and which shall fall due or judgment be had within one year from the time at 
.which they are contracted. 
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It is therefore recommended that the Council take the following steps in order 
to submit the question of incorporation to the members of the Institute. 

1st. That the Council pass the following resolutions : 

“It is voted that the President be directed to call a special meeting of the 
Institute, to consider a proposition to incorporate the Institute under the 
Membership Corporation Law of the State of New York. (Laws of 1895, Chap. 
559, Section 5.)"’ 

2nd. That the Council send out the following notice to all the members of 
the Institute : 

“Notice is hereby given that at a meeting to be held on the 26th day of Feb¬ 
ruary, 1896, at 8 o’clock in the evening, a proposition to incorporate such Insti¬ 
tute or Society in pursuance of Section 5 of the Membership Corporation Law, 
will be acted upon by the members thereof.” 

Dated New York, this day of January, 1896. 

Majority of Council. 

This notice must be sent out at least thirty days before the date set for the 
meeting to vote upon the question, and must be signed by a majority of the 
Council. If this notice is sent out as soon as possible after the meeting of 
the Council on January 22nd, the meeting to consider the question cannot be 
held until the third Wednesday in March, if it is to be a regular meeting of the 
Institute. 

We recommend, therefore, that the regular meeting of the Institute, sched¬ 
uled for Wednesday, February 19th, be postponed one week to Wednesday, 
February 26th, and that the question be submitted at said meeting. 

The laws of the State of New York will make certain changes necessary in 
our Constitution, should we become an incorporated society. The consideration 
of these matters can best be postponed until after the question of incorporation 
is decided. 

Your Committee is prepared to do all the necessary work pertaining to the 
incorporation of the Society, including the legal work; 

The Sections of the Laws of New York relating to the matter are added as an 
Appendix. 

An abstract of this report has been submitted to the non-resident members 
of the Committee, Messrs. Carhart, Hasson and Hibbard, whose names are 
signed to this report with their authority, thus making the report unanimous. 

Very respectfully, 

Wm. B. Vansize, Chairman. 
Cary T. Hutchinson, Secretary. 
T. C. Martin. 

Townsend Wolcott. 

( A. S. Hibbard. 

By the Secretary. ) W. F. C. Hasson. 

( H. S. Carhart. 

January 21st, 1896. 

The Secretary then read the following resolution : 

Resolved , That the directors of the Amebic an Institute of 
Electrical Engineers be authorized and directed to incor¬ 
porate such association, pursuant to Section 5 of the Member¬ 
ship Corporation Law, under Article 1 of such chapter, and to 
execute and file certificates and take such other and further 
steps as may he proper and necessary therefor. 
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The President: —Gentlemen, the other societies are incor¬ 
porated, and we are simply getting in line. There is no radical 
change to be made. Is that'"motion seconded ? 

Mr. James Hamblet : — I second the motion. 

The President :—We will take this motion by a rising vote 
if yon please. All the members in favor of the adoption of the 
resolution will please rise. 

[Thirty-nine members rose.] 

The President: —All opposed to the motion will please rise. 

[None rose in opposition.] 

The President :—The vote is unanimous. Our next busi¬ 
ness, gentlemen, is the continuation of the discussion of Mr. 
Sprague’s paper on a Electric Elevators, their Uses and Advan¬ 
tages.” According to the notice that was sent out, the discussion 
will be opened by Dr. Hutchinson, who is now making figures 
on the board. 

Dr. Oaky T. Hutchinson :—Mr. President and Gentlemen, I 
propose to give to-night a short account of a test that I made on' 
the elevator plant in the Postal Telegraph Building; a test of 
the energy expended in running the elevators for a certain defi¬ 
nite time, under conditions of usual daily operation. 

The plant, as has been explained, comprises six Sprague-Pratt 
screw electric elevators, two for express and four for way service. 
Current is supplied by a dynamo for this service alone, at a po¬ 
tential of 220 volts. 

The test was made by connecting a Thomson recording watt¬ 
meter, bought for the occasion and newly calibrated, into the 
circuit of the six elevators. The readings of this watt-meter give 
the energy consumed. The travel of the cars was measured by 
putting a counter on each elevator. The counter was an ordinary 
bicycle cyclometer, connected so that each revolution of the 
fast-travelling sheave of the elevator moved the counter one 
tooth. The ropes lead directly from the fast-travelling sheave 
to the car; every revolution of the sheave meant a movement of 
about eight feet of the car; the counters were of course arranged 
so that they did not register backward; every car, no matter 
whether it went to the third story or the fourteenth story, regis¬ 
tered its travel on the counters. 

It was intended originally to have these tests extended over 
a week, but owing to trouble with the counters, to delay in 
getting the meter,"etc., it was not possible to do this; so the 
record is for only one day’s test, beginning at 10 o’clock in the 
morning and ending at 6 in the evening. Headings were taken 
approximately every hour. I believe that there will be no sub¬ 
stantial difference between the results for one day and the results 
which would be obtained in a week’s continuous test, at the same 
time of the year. There should be a difference between the re¬ 
sult now* and* the result at some different time of the year. The 
results from hour to hour are nearly the same. I have put a 
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table on the board, showing the travel of each car in miles, the? 
consumption of energy for each hour, and the result of the whole- 
day’s run. 

TABLE 

SHOWING RESULTS OF THE TEST MADE ON THE ELECTRIC ELEVATOR PLANT OF THE 
POSTAL TELEGRAPH BUILDING. 





Car Travel.in Miles. 



Car No. 

9.45 A. M 
to 

II.C5 A.M 

tT.05 A.M. 
to 

12.05 P.M. 

12.05 P.M. 
to 

I.OO P. M. 

r.oo P. M. 
to 

1.57 P. M. 

1.57 P. M. 
to 

2.57 P. M. 

2.57 P. M. 
to 

6.00 P. M. 

Total 

for 

Day 

i .. . 

1.76 

X.I4 

.90 

•97 

I.IO 

3 -32 

9* x 9 

2. 

1.72 

I.tO 

I.TO 

1.01 

I.IO 

3-94 

9*97 

3. 

I.72 

1.27 

I.IO 

1.12 

1.23 

3.85 

10.29 

4 . 

r. 7 S 

L05 


.22 

I.I2 

3-34 

7 - 5 * 

5 . 

2-33 

I.87 

I.78 

1.84 

2.CO 

5-05 

I 4* 8 7 

6. 

2-33 

I.87 

I.78 

1.84 

2.00 

5.68 

15.50 

Total. 

11.64 

8.30 

6.66 

7. CO 

8-55 

25.18 

67*33 

k. w. Hours . .. . 

49.2 

34-3 

32.9 

32-9 

37* 

104.1 

290.7 

K.w. h.p. per Car Mile 

4-23 

4.14 

4*95 

4.70 

4-33 | 

4.07 

4-37 

Average speed, 350 feet per minute. 

Car floor area, 33 square feet. 

Average kilowatt-hours per car mile, 4.33. 






There are six cars. Four cars stop at every floor; the others 
are express, stopping at 11th floor and up to the 14th. Three of 
the cars usually do not go above the 11th. The others usually' 
go to the 14th. But all these variations are taken account of ixx 
the counters, which register the actual car travel, and are not based; 
on any estimate of the average length of the trip. The ears 
run at an average speed of about 350 feet a minute ; the area of” 
the car platform is about 33 square feet. The general charac¬ 
ter of the installation has been dwelt upon, so it is not necessary 
to go into particulars. 

One further point: Nos. 5 and 6 are the express elevators« 
In addition to putting counters on the car, I had the conductors 
register their trips. The counter of car No. 5 gave out after 
about an hour. In calculating the car travel of car No. 5, I 
have reduced the mileage of No. 6 in proportion to the number 
of trips as kept by the car men. The table gives, in the vertical 
columns, the actual mileage of each of the six cars for each* 
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hour, beginning with car No. 1, 1.76 miles; car No. 2,1.72 
miles, etc., etc. The totals are given in the final column—car 
No. 1, 9.19 ; car No. 2, 9.97; car No. 3, 10.29; car No. 4, 7.51 ; 
car No. 5, 14 87 ; car No. 6, 15.50. 

The next line gives kilowatts hours consumed, the total being 
290.7, given in the column on the right. The total mileage for 
the six'days for the day is 67.33, making the average kilowatt 
hours per car mile 4.33. The figure for kilowatt hours per car 
mile varies from hour to hour, on account of the different loads, 
from 4.07 to 4.95. 

The test, I believe is as accurate as a thing of this kind can be 
made, without extending it over several weeks; it seem to give 
the results fairly of. the actual practice in this particular plant 
under daily running conditions. 1 made all the observations my¬ 
self, took all the readings, and connected all the instruments 
used; I believe the test is correct in the general result. 

Mr. J. W. Lies, Jr., (communicated:) As this discussion has 
raised the question of central station service, it may be in point 
to mention that of 13,395 h. p. on the N. Y. Edison system, ap¬ 
proximately 5,000 h. p. are for direct-connected electric passenger 
and freight elevators, of which there are over 500, probably 
more than 10$ of all elevators in New York. Of these, 360, of 
about 4,000 h. p., have been installed within two years, of which 
approximately 200 (2,400 h. p.) wei*e of Otis type; 70 (580 
h. p.), A. B See; and 13 (250 h. p. Sprague, the others being of 
various kinds. In January alone, 50 electric elevators, of over 
700 h. p., were connected. 

The company has required that the inrush of starting current 
should not cause a variation in pressure of more than 3 volts above 
or 3 volts below the 120-volt lighting service, being 6 volts 
above or 6 volts below the 240 volts between outside wires, on 
which motors are usually placed. These conditions have, as a 
rule, been readily complied with by contractors, and the lighting 
service has compared favorably with that on systems not carry¬ 
ing a motor load. The large generating capacity of stations, 
and distributing capacity of street network, give central station 
service in this particular a decided advantage over isolated plants. 
In the one case, the effect of many motors is balanced and aver¬ 
aged to almost nothing; in the other case the starting of an 
elevator is shown directly on the lights, which has usually ne¬ 
cessitated separate dynamos for elevator service in isolated plants. 
This seriously increases the investment cost and decreases the op¬ 
erating economy of isolated plants in comparison with central 
station service. The isolated plant, also, must have capacity to 
cover the maximum demand of the elevator, except in a building 
where many elevators are running simultaneously—again a disad¬ 
vantage compared with the average demand on central station 
service. Finally, if the elevator service is to continue outside of 
usual hours, either the isolated plant must be run for excessive 
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hours at great sacrifice of economy, or a supplemental service must 
be obtained from central stations, or the elevators must be re¬ 
stricted to the stated hours, to the consequent discomfort and 
annoyance of tenants. 

Tlie price of current for elevator service has been kept at 
usual power rates—as low, for 1,500 h. p. hours per month, as 
5c. per h. p. hour, 6 r \- per k. w. hour. The intermittent nature 
of elevator service results in a much lower average return per 
h. p. from elevator motors than from almost any other class, the 
figures approximating from $18 to $25 per year per h. p. in¬ 
stalled—a cost far below that of a power like steam, which must 
be kept on tap in the individual building to the extent of the 
maximum demand, and paid for accordingly. For this price 
service is available 24 hours for 365 days in the year. These 
figures and results compare rather well with isolated plants, when 
all the elements of cost are fairly considered—except in those 
extraordinary cases, rivaling Keely motor results, where, as in 
one instance, an engineer reported a cost of less than one cent 
per k. w. hour for electric current, and another lighted his 
building for “ practically nothing.” To enable owners to compare 
fairly, isolated plant costs with central station service, the Edison 
Company has recently prepared a blank for the use of owners 
and electrical engineers. From the data obtained in a recent 
case, it was found that a proposed building, requiring 5,000 
lamps and 2,750,000 lamp hours per annum, would show an 
operating cost for isolated plant of $18,000 per year, while central 
station service at present rates would cost about $12,500. It 
may be added that, central station supply, with the double service 
usual in large office buildings, from two different mains, and 
with supply from the several Edison stations, gives a surety of 
resource not to be expected from an isolated plant, unless under 
exceptional conditions, and with the large additional investment 
necessary to give duplicate generating capacity. 

Mr. George Hill: — Continuing my remarks at the last 
meeting, I desire to state that on page 12 of the paper, JMr. 
Sprague announces: “ To meet the hydraulic machine, there 
was designed and developed what is now known as the Sprague- 
Fratt multiple sheave electric screw elevator. 
u This machine now stands the superior to the hydraulic elevator 
m that it has speed and capacity, with, if anything, greater 
safety and certain advantages in its automatics. 

« “ ] i fts it occupies less space ; it is more flexible in its 

“ caredfor^”’ ^ economical to °P era f e and is more easily 


On page 22 he says that the Postal Telegraph plant is one to 
which this remark applies. 

Mr. Sprague says that at a certain test of this plant 1,186 lbs of 
coal were burned, but arbitrarily reduces the amount by 7 per 
cent., and then says 22|- lbs. per car mile was the duty. You all 
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know that such a test must have been of relatively short dura¬ 
tion : that estimating the condition of the hre at (die l^mnn g 
and the end of the test is very unreliable and that thue in an 
opportunity for grave errors to creep m ; but in additum to t . 
we are not'given data as to either engine or generator mzc, at, to 
time of tlie day, dav of week, number of trips the car made, 
the number of stops the cars made, whether they were on nonfat 
duty or operating by running continuously up and down as iap 

idly as possible without any stops. . , . 

Allot* this data is necessary to form a correct idea oi \\ hat 
can be done, especially when we consider that the amount 
current required to start this machine is more than double its 
running current, and that consequently the power consumption 
per car mile for the same machine operated under the same com 
ditions will vary almost directly with the number of stops made, 
increasing with every stop so as to nearly double the current con¬ 
sumption in service conditions over the amount required lot ex 
hibition- coal-per- car-in i le pu rposes. 

This ends his economy data. t * 

Mr. Sprague gives a few words about tons oi water lilted hun¬ 
dreds of feet, 2 ! tons lifted 830 ft. per ear trip ami asks if this 
is economy. When reduced to u. r., this means oO n. 1 *. ex¬ 
pended during the time occupied by a round trip for one cur, regard 
less of the number of stops or loads. > , 

Comparing this with the figures obtained by Prof. Shepard 
son at the Minneapolis tests of the screw electric machines, wc 
have car lifting a live load of 2,500 lbs., (small load) 850 feet per 
minute (low speed), and requiring 52 electric n. v. 

In this Shepardson record, no mention is made of the start¬ 
ing current required, so that we have at the beginning an ex¬ 
penditure of energy greater than the figures Mr. Sprague gives 
us, to which must be added the expenditure of energy required 
to start the car after every stop. 

First: In a first-class elevator plant, there should be : 

(a) Perfect regularity in car dispatching. 

{})) USTo missing of landings. 

(ej The highest speed the human system can bear. 

(d) Perfect safety. 

(e) Reasonable economy, both of capital and for operation as 
a part of a large plant. 

The three first mentioned all have for a common object the 
delivery of the passenger in the shortest possible time. 

The fundamental difficulties with the screw electric machine 


are: • 

I. The surge of current through the motor to overcome the 
inertia of the car is so great as to demand either storage bat¬ 
teries or two separate generating sets, This assertion is based on 
my experience with the drum electric machines (which require 
about one-half the current of the screw electric) at the A inert 
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can Book Company and the Jefferson Hotel. Observations of 
the Postal Telegraph plant, reports of the operation of the screw 
electric machines at the Hotel Grand (which, by the way, I am 
told is everlastingly in trouble), Minneapolis and Chicago, and am¬ 
meter readings on a dozen drum electric machines here in New 
York, and observations of the actions of the standard forms of 
direct connected generating units running underloaded, when 
suddenly loaded to near their capacity. 

If this is not enough proof, visit any of the places where the 
screw electric machine is in use, and observe the variation in 
voltage when it starts. 

II. The inertia of the ear in stopping is constantly varying,, 
since it depends on speed, weight and direction of motion, all 
of which are variants. The stop is effected by the short-circuit¬ 
ing device and the brake; the short-circuiting device requires 
time, and the brake having a constant retarding effect, requires 
a different length of travel to accomplish its purpose each time 
the conditions vary. As a consequence, either the operator must 
run with extreme caution, slowing up as he approaches each land¬ 
ing to prevent running past it, or else take the chance of miss¬ 
ing the landing and running back to it, which involves a loss of 
time sufficiently great to permit him to have travelled through 
another story. This feature is so well known that even laymen 
mention it to me when I speak of electric elevators. I have ob¬ 
served it in the case of careless operators on every electric ele¬ 
vator on which I have ridden. The defect is inherent in the de¬ 
sign of the machine, and increases in seriousness as the square of 
the speed, and, as a consequence, really high speeds will be 
found impracticable until a radical change is made. 

This feature affects everything except the safety of the ma¬ 
chine. 

Mr. Sprague says (page 20) that his short-circuiting device can 
control the elevator, but you know that there must be rotation of 
the armature and consequently motion of the car for it to be ef¬ 
fective. 

I his cannot be relied on alone, since any break in any circuit 
of the motor results in throwing it out of operation. 

III. Concerning economy ; in every first-class hydraulic plant 
the pumps work at a uniform rate. There are not less than six 
makers of pumps who will guarantee a duty of 30 lbs. of steam 
per pump h. p. hour. A plant consists only of pump, two tanks 
and connecting piping, and the elevator cylinder. The number 
of foot lbs. of work done by the pump, equals the maximum 
load multiplied by one half the number of feet travelled, di¬ 
vided by the efficiency, 55 per cent., and is a constant. 

The experience of all of the makers tends to the belief that 
the cars average one-half the number of people lifted that they 
could lift, and consequently the expenditure of energy in lifting 
water is about 3.67 times that of the useful work done; but 
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having once stored up this amount of energy, there is absolutely 
no limit to the number of stops which can be made. This gives 
110.10 lbs. as the steam per useful horse-power, and if the cars 
all ran fully loaded, this consumption would be halved. 

In the screw electric machine, as I have before said, there is 
demanded either a special generating set or storage battery. For 
the generating set the engines would run under-loaded, de¬ 
manding at least 60 lbs. of steam per indicated h. p. for one- 
half the work to be done, which, divided by the efficiency of the 
machine 51.3 per cent., gives 117 lbs. as the steam expenditure, 
plus an additional amount to be allowed for every landing made. 
This 60 lbs per indicated h. p. hour is based on my observations of 
about 300 cards taken from seven engines of capacities varying 
from 25 to 75 kilowatts, showing a steam consumption by com¬ 
putation from the cards, according to the Thompson method, of 



DC 

U1 

0L 

5 
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from 67 lbs. at 25 per cent, of rated capacity, down to 30 lbs. at 
rated capacity. 

The influence of the number of landings made, and the care 
with which each stop is effected, has an interesting effect on the 
output, thus the current for one machine making a run of the 
entire travel with but one start would be as shown in Fig. 1. The 
h um p must be repeated every time the car is started, and every time 
a landing is missed. Imagine the consequence on the area of the 
curve where a car is compelled, as in many of our buildings it 
is, to stop on an average of every other landing, both up and 
down. Our economy, as above stated, was for a single start. 
For the usual conditions the steam consumption must be very 
much increased. 
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If a storage battery is taken as the other alternative, an en» 
tirely new set of conditions arise. 

In the first place we have the interest and maintenance of the 
battery to be charged against a saving of coal, and in the next 
place we must consider the efficiency losses of the under-loaded 
generator, charging the batteries through a booster, 3 or 4 auto¬ 
matic switches, etc. 

In the case of the Postal Telegraph plant, to install a battery, 
allowing 15 per cent, for maintenance cost, depreciation and 
interest on investment, there would be a minimum charge 
of $3,000 per annum, or enough to purchase more than three 
tons of coal per day—rather a serious item. 

Assuming that the storage battery is used, and admitting that 
by its use the coal consumption could be halved in so far as the 
storage of energy is concerned, we have to consider the watt ef¬ 
ficiency of the battery, a matter of about 85 per cent., and, next, 
the efficiency of conversion of the booster, say DO per cent., and a 
steam consumption of 35 lbs., or a resultant consumption of 90 
lbs., or 20 lbs. gain, considering simply efficiencies. Of economy 
we can then say that for a special generating sot, the steam con¬ 
sumption will be about the same (110 lbs. hydraulic—117 electric) 
when the conditions are best for the screw electric, and worst 
for the hydraulic, as I have before demonstrated. 

For storage battery use, we have seen that the cost of battery 
would about pay for the coal which Mr. Sprague says is re¬ 
quired to run an hydraulic plant. (Discussion page 20). If we 
add to this expense the cost of a break down connection, the 
cost is nearly double again. 

Second. A few words concerning some of Mr. Sprague’s 
other points: 

On page 5, Mr. Sprague gives the field of the electric elevator. 
11 is first sub-division brings up a condition that has never occurred 
in my practice, and, in my belief, could not occur except in con¬ 
nection with other conditions, which would dictate the demoli¬ 
tion of the building entirely. 

His second case 1 dispute. 

His third ease I cannot imagine as occurring, especially as I 
know of several cases where a change from a slow hydraulic to a 
high speed hydraulic was effected without interference with the 
service. 

Ills fourth, fifth and sixth cases are perfectly met with the drum 
machine. 

His statement on pages 9 and 10 is in my estimation unfair, 
since, as I have above stated, in a reasonably well designed plant, 
properly operated, there is a demand for a constant output of 
energy on the part of the pumps, and it is simply a question for 
the owner to determine between capital account and coal bills. 

I he statement on page 9 that fifty combinations of engines 
and dynamos demand less water evaporated than one hydraulic 
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pump is a fair sample of the statements made. Taking his own 
statement as to the steam consumption of a generating unit as 
given in the same paragraph, as less than 40 lbs., say 30 per n. p., 
and taking the efficiency of the combination as 95 per cent., we 
would have for fifty transformations 390 lbs. of water to com¬ 
pare with the 60 or 70 lbs. stated by him in this paragraph as 
the pump water consumption. 

On page 10 he says the electric elevator used current directly 
proportioned to the work, modified in small degree by starting 
and slow running. I think, on the contrary, it would be more 
nearly the truth to say modified in an enormous degree by start¬ 
ing, slow running and number of landings. 

The difficulties mentioned in the last two paragraphs of page 
10 are, as far as my experience goes, fanciful, due not to difficul¬ 
ties inherent to the hydraulic elevator but simply to the dis¬ 
inclination on the part of most architects to be bound by limi¬ 
tations of any kind whatever. 

Concerning the packing of hydraulic cylinders and the cost of 
maintenance of them, Mr. Sprague mentions isolated cases where 
trouble has occurred due to stupidity on the part of the opera¬ 
tors, or carelessness or worse on the part of a shop foreman. A 
most cursory investigation of the hydraulic elevators will con¬ 
vince the fair-minded that the difficulties are exaggerated. 

Mr. Sprague mentions the need of heating. 1 cannot speak for 
every consulting engineer, but I know that in my own practice one 
of the first points which I consider is the heat unit transmission of 
a building for the year, and I usually figure it out very carefully 
from the best plans available, using the German method and ap¬ 
portioning the losses per square foot of wall, window, roof and 
cellar surface according to the actual conditions. 

In the American Book Company plant, we find it practicable 
to heat all of our part of the building under all conditions, and 
all of the three upper stories occupied by the University under 
all but the most severe conditions with less than three pounds of 
back pressure. 

At the Odd Fellows Temple in Philadelphia, we heat under 
all but the most severe conditions, without one pound of back 
pressure, and without the use of live steam. 

In both of these large buildings, there are two high speed hy¬ 
draulic elevators operating constantly, during seventeen hours a 
day. 

In a great many other plants that I know of, the daily coal 
consumption increases in the fall and winter as a regular 
thing, not because of the increase of lighting requirements, 
since my observations show it to vary with the outside average 
temperature rather than with the condition of the sky or am¬ 
pere output, and I have the records of three large buildings to 
refer to. 
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Third . Let us refer to the Postal Telegraph plant: 

Mr. Sprague, in his very interesting remarks, states that u in 
u the Postal Telegraph Building they are running more lights, 
more ear miles of elevator service, pumping more air, running 
“ more motor converters, running more continuous hours of ser- 
a vice in a year than any building in the city of New York, 
lC and running it on less coal than any building in the city of 
4C New York for the same service ” 

This is a general challenge to produce any mechanical plant of 
nearly equal size operating as economically^ 

There is also the inference that this economy of operation is 
due to the use of the Sprague-Pratt screw electric elevator. I 
shall show that this is a very inefficient plant. 

[Recently it has been burning on an average of tons per 
day of broken coal at $4.50 per ton. it has one generator run¬ 
ning for electric elevator operation alone, in which the amperes 
vary from zero to 650. Volts vary from 190 to 245. The eler 
vator speeds are about 275 feet per minute. 

My authority for coal consumption cannot be divulged, but I 
pledge my word that you would unquestionably accept it if I 
should state it. 
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All are a good type of hydraulic elevator with the ordinary pumps, some compound 
and some simple, with no attempt made to secure high duty! A simple change in style 
of pump would reduce the coal per car mile to below 20 lbs. 
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The Postal Telegraph Building is protected by the Horn. 
Building on the north. Its exposure is principally t 
south, affording an advantage of 20 per cent m heat req 
The elevator service is not 24 hours a day for tint entire 
hut that of a regular office building, with a lew <>i the eho 
a portion of the lights, etc., run at night for the telegraj: 
vice. The building is very well lit naturally. 

This coal consumption is for a very recent period. 
Sprague’s figures, given after the conclusion of my remai 
an average from June ’J4 to December ’Pa of <1.2 tons, a 
practical substantiation of the figures above given, beeat 
gives us the average for two summers and one winter, 
fug from the time when the building began to be occupied 
records of plants show about the same proportionate in 
between the daily average during the period tor which I 
made the comparison. 

The Home Life Building is exposed on all sides, is ve 
and has a tower, which I have not counted in making the 
It has an expensive and extensive indirect heating sysk 
the lower floors, three hydraulic (‘levators, is occupied as 
lice building during twelve hours ol the day, with a supplei 
service for live hours longer. 1 give two rules ol coal con 
tion, the lower rate being for five degrees higher a; 
temperature than was experienced during the time < 
Postal Telegraph records tinder an except ionally compete 
gineer, and the other taken at the same time that the Bos 
servations were made, and the work of a less compete] 
gineer. Mv belief is that more than half of the differ* 
due to the difference in the men. 

The Mail and Express Building is exposed, as you km 
all sides. In addition to heating the building, ventilatii 
basement with a large electric fan, ventilating the engine 
with a large steam fan, operating four hydraulic vertical 
der elevators, two hydraulic horizontal cylinder plate hoi* 
entire lighting service of the building and the operation 
large Hoe presses required for the issue of the paper, eo 
able live steam is used in the stereotyping room for the <; 
of a small engine running eight hours a day, and for the 1 
of a building adjoining. The plant unquestionably cm 
materially improved; the daily coal consumption, ho 
shows remarkably well. 

The Morris Building is strictly an office building, rum: 
night for the convenience of tenants, as well as by day, ha 
hydraulic elevators and an independent electric lighting 
coal consumption given is annual, averaged for a day. 

The American Book Company building is ten stone 
cellar and sub-cellar, nine of the stories being occupied 
American Book Company factory, in* which there are over 1' 
of motors, three large drum electric elevators, two hydraulk 
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tors of 450 per minute speed, one steam and hydraulic sidewalk 
elevator, a wasteful indirect heating plant for the roof, requiring 
live steam in severe weather in considerable quantities, a num 
her of ventilating fans, etc. The hydraulic elevators are used 
for the service of the three upper floors, and are iun constantly. 
Inasmuch as the shipping departments are on the thud and 
fourth floors, and the manufacturing departments on the top 
floors, the electric elevators are m constant use aU of 
time Two points are particularly noticeable. One, veiy mod- 
eZe coal consnm ption, S,■opping to less tha.. tw<. ton.B oit co.I 
per day in the summer, and the other, the tact that the watt- 
meter records taken continuously day after day, one on the man¬ 
ufacturing circuit, which includes all tans, etc., and the other on 
the total power, which includes the first circuit, and the electric 
elevators, are practically only 2.5 k. w. apart, with an occasional 
peak lasting but a second when two or more elevators happen to 

Sta The° Odd'Fellows Temple is a large building, one-half occu¬ 
pied as offices, and the other half for Odd bellows meeting- 
rooms, entertainments, etc. One of the courts only goes tliiough 
five stories ; the building is heated entirely by indirect radiation, 
a 120-inch Sturtevant fan being used occasionally during the day¬ 
time, and always during the evening in the summer. 1 hei build¬ 
ing has two hydraulic elevators, besides its isolated puut, and 
runs continuously for eighteen hours a day. In the top floor 
there is a restaurant, which, the janitor claims, demands the ex¬ 
penditure of one ton a day alone for live steam for cooking, etc. 
The coal consumption stated is for the same period as the iostal, 
and is about the average in addition for the three winter months. 

The Manhattan Life has 5 hydraulic elevators; one running 
twenty-four hours a day, has the Weather Bureau, which de¬ 
mands light and heat during twenty-four hours a day, and a 
seven-story tower, neither of which are figured into the cube, 
nor allowance made therefor. The regular office service is for 
eleven hours a day, and there is a supplemental service ot thir¬ 
teen hours. Coal consumption stated for the same period as the 
Postal. Elevator speeds are very much higher, and my belief 
is that the elevator car miles exceed those ot the 1 ostal by prob¬ 
ably 30 per cent. Lighting requirements are undoubtedly 
greater, and the heating requirements certainly so, as the build¬ 
ing is entirely exposed on all sides and is very lofty. 

I have endeavored to make the table giving these results as 

complete as possible. , „ , , , ., 

In the column headed “ Special ” I have made allowances in 
accordance with my own judgment, so as to reduce all to a uni¬ 
form basis of hour’s of service. The two other columns of cost 

are figured from a perfectly evident basis. 

Taking any one you please, the marked inefficiency ot the 
Postal plant is evident. 
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In conclusion, I am fully alive to the shortcomings of the hy¬ 
draulic elevator, have been’ lighting for years to obtain more effi¬ 
cient pumps in my plants, and to get a closer relation between 
the energy expended and the load "lifted; but I do not see what 
road is open to secure the enormous advantage inherent in a 
hydraulic cylinder due to the fact that the acceleration of the 
car on starting does not derange the source of supply while in 
every form of electric elevator, this must occur. It. can be han- 
dled'in the drum machine, but not in the screw machine within 
any reasonable limits, and the final point, that the stop in the 
hydraulic machine is always positive, while in the electric ma- 
machine it rarely is. 

Mr. John D.* Ihlder:— I should like to call your attention 
to the difference between the screw machine and the ordinary 
drum machine. Mr. Sprague makes the claim that the screw 
machine is the only one that is fit for high speed service, and he 
bases his claim upon its special construction. Now, why an 
electric machine which has a rotary motion should be built on 
the same lines as a hydraulic machine which is reciprocating in 
its motion and lias a short cylinder, and therefore must have 
multiplying sheaves, seems very strange. The screw machine 
of Mr. Sprague has, through these multiplication sheaves, an en¬ 
ormous pressure on the screw, which it seems he has overcome in 
a more or less satisfactory way, by making special tools, using- 
special material, and large bail bearings, all of which are not neces¬ 
sary in the ordinary drum machine. The ordinary drum machine 
has* the large advantage, again, of overbalancing. The screw ma¬ 
chine cannot be overbalanced. In this way the drum machine re¬ 
duces its duty down to less than one-half that of the screw 7 machine, 
consequently the screw machine requires a very large plant for 
operating it, or has to use very heavy currents when it draws its 
power from the street. The difference between a balanced car and 
an overbalanced car is not very familiar to most of the members 
here. To illustrate this difference,, take, for instance, a car of a 
duty of 2,000 pounds, with 400 feet speed. A drum machine can 
overbalance this load, if 'it is desired, to one-haif, so that the 
duty of the machine is reduced down to 1,000 pounds. But the 
screw machine of Mr. Sprague’s cannot only not overbalance the 
load, but, in order to start and accelerate *the empty car on the 
down trip, is obliged to leave the car at the lowest figure 500 
pounds, probably 1,000 pounds heavier, so that the duty of the 
screw machine is 2,50o, or 3,000 pounds, instead of 1,000 pounds, 
for the drum machine. This is evidently a very great dis¬ 
advantage against the screw. The only points that Mr. Sprague 
brings out to advance his claim that the screw machine is the 
only one that is fit for high speed are that it has a limited motion, and 
that the lead of the ropes is always in the same line; it does not 
shift as it does on the drum. Now, the shifting of the ropes on 
the drum is practically immaterial. It does not make the slight- 
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eat difference whether the ropes vary, in their lead in 150 feet, 
something like two feet, or, when it comes to a ffot) feet building, 
whether they vary something like four feet. The limited motion 
which is claimed as a parallel to the hydraulic machine is incorrect. 
However, there is practically no difference whether you consider 
a drum machine or Mr. Sprague’s screw machine. Mr Sprague 
tells ih himself that it is impossible to suddenly arrest the motion 
of the screw. If you attempted to do it, something would 
break. There is so much power contained in the motor 
and the momentum of the car pulling ahead, that it would he 
impossible to suddenly arrest the motion. < Jonsequently he 
must cut off* the current and gradually produce friction, and in 
that way bring the car to rest. In its general features, the drum 
machine has the same arrest, of motion. Most of the designs 
which are at present in use have a thread cut on the main shaft of 
the drum, with a. traveling nut. It sets a train of gears in motion 
a,ml cuts the current oil, the same as the nut does in Mr. 
Sprague’s machine, and puts a brake or some other arresting 
device on. So that the difference is practically only one in de¬ 
sign ; in theory it is exactly the same. Whore the great differ- 
once exists that makes one machine lit for high speed service 
and the other not, I fail to set*. 

Mr. 11. Ward Lkonako: 1 occupy rather a peculiar posi¬ 
tion. I do not think that the hydraulic machine has the superi¬ 
ority over the electric machine which has been claimed for if; by 
its advocates. Neither do I think that the type of electric ele¬ 
vator which Mr. Sprague has described to us has the ad wantages 
which he has claimed for it. Hut I do believe that the electric 
(‘levator in its best form has advantages over both the types that 
have been discussed. The hydraulic elevator has many features 
of disadvantage, which I think Mr Sprague has put very tore! 
bly. The Sprague electric elevator has a great many disadvan 
tages which 1 think the hydraulic* people* have set: forth very 
clearly. The desirable features for an electric elevator are that 
it shall be cheap as regards first installation ; that it shall he 
cheap as regards operation; that, it shall he possible to. oper¬ 
ate if at; quite high speed under satisfactory control ; that if 
can he stopped and started smoothly ; that it can make* a perfect 
landing; that it shall he<juiet in operation ; that it, shall be simple 
in its essential parts; that it shall la* clean, which is one of the 
points that, is quite a factor in the office buildings of to day, and 
in which electric elevators have a decided advantage* man* hy¬ 
draulic* elevators; that it shall restore useful energy in stopping; 
that it shall require but a small amount of power in starting — 
that is to say, a power which is proportional to the actual work 
without the necessity of the power which is absorbed and 
wasted in rheostats or any other starting devices of similar char¬ 
acter; -that, it should not affect electric lights which art* con¬ 
nected to the same source ; that it should require but a, slight at- 
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tention to keep it in perfect order; that its cost, doe to deprecia¬ 
tion, should be small, and that the cost of power, in case power 
he purchased for operating it, should be small. 

1 believe that elevators running on my system of operating 
elevators have these features to a more marked degree than 
either the Sprague elevator or the hydraulic. 

A statement of that kind carries but little weight, and I have 
not authoritative figures to substantiate it. But in case any per¬ 
son lias a desire to investigate whether such a statement has any 
foundation in fact, I can refer them to the last installation, which 
is in Fahey Building, in Maiden Lane, where three elevators of 
the drum type are installed, and where we have no difficulty in op¬ 
erating to about the same height as the Postal Telegraph elevators. 
They have been in operation about three months. They start 
with a much smaller amount of power than any elevator that 
starts by rheostatic control or any other means. They do restore 
energy in stopping. They are perfectly noiseless in operation. 
The motion is perfectly smooth in starting and stopping. They 
make a perfect landing. The machinery is perfectly clean, and 
the speed is higher than the speed quoted for the Postal Tele¬ 
graph elevator. 

Mr. Franklin S. Holmes : — I have watched the Sprague 
elevator for some two or three years with much interest. I feel 
tnat any person who has the grit to build a machine on new lines 
and perfect it as that machine has been perfected is entitled to 
the thanks of the mechanical community. 

But there seem to be two objections to the operation of a 
motor on these lines, and, indeed, to the electric elevator as it is 
now operated. The first is that we are taking a motor at its 
weak point. We take a motor standing still, and we ask it to 
lilt a load at a speed equal to 400 feet per minute. Now, we 
know well enough that the current taken by a motor under these 
conditions is twice as great as the current required to operate 
it when m motion. Any machine that requires two or three 
tunes as much current to start it as to run it, simply because, or 
largely because, of a weakness of the machine itself, is funda¬ 
mentally wrong. There are people who are now trying to make 
a combination between tbe hydraulic and the electric elevator 
thereby avoiding this weakness of the motor. In these days 
when pure breed is vahied so highly, possibly such a mongrel as 
W r ed Up ?\f ]lt . t] ® fkanee. But I believe that along 
nnw n we ,. sha11 ’ Wlth direct current—I am not speaking 
now of alternating current apparatus—get the best results in 
elevator service. The objection which isfeculiar to the Wue 
elevator, it seems to me, is that it does not allow over-eoirater- 
weightmg. Mr. bprague divided elevator work into two parts 

that the ^?v U Tlp 8 T Ce f- d n high service, and he claimed 
that the only elevator which can operate successfully on high 
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duty service was the screw elevator. I do not think that point 
was established. I think that the drum can be made serviceable 
for high duty service. The Sprague elevator takes about 200 
amperes of current; I believe, to start, and a third of that, about 
70 amperes of current, to run. The Otis elevator takes about 
80 amperes to start and about 25 to run. Now, I have been on 
the platform of an elevator, where the armature was turning 
constantly, which took to lift three men, at the rate of 150 feet 
a minute, 30 amperes to start and 20 amperes to run, at 110 volts, 
which means 5 horse-power to start and 3 horse-power to run. 
This was under conditions when the current taken to come 
down was the same as that taken to go up. In other words, 
the thing was perfectly balanced. But that is the advantage you 
get when you have an armature that is turning constantly in one 
direction, and is one thing we are looking for. Such a machine 
will be commerical before a great while. 

Dr. Hutchinson : —Mr. Leonard says he has not figures to 
prove some statements about his elevators. If Mr. Leonard will 
give me permission to quote some figures that I have knowledge 
of, I will do so. 

Mr. Leonard :—I do not know what the gentleman refers to. 
But any figures he has he is at liberty to state. 

Dr Hutchinson:— I refer to a test of an elevator running in 
the Otis factory, when you were present. 

Mr. Leonard —Do you refer to the apparatus you designed s 

Dr. Hutchinson :—No, I refer to the apparatus that the Oti? 
company designed and use in their factory. 

Mr. Leonard :—I was never present at any test where you 
were present except of an apparatus you designed. 

Dr. Hutchinson: —I beg your pardon ; we ran a test in their 
factory on their motors. 

Mr. Ihlder: —I think we made a few tests. Possibly I have 
the records in my test books, and they are at your service. . 

Dr. Hutchinson: —I do not want to give the figures without 
Mr. Leonard’s permission. 

Mr. Leonard :—I am perfectly willing that they should be 
given, with the explanation that they are not of the kind of 
plant that I mentioned when I spoke. 

Mr. Ihlder: —The figures taken there were from a dynamo 
driven by a motor, and then the dynamo drove the elevator mo¬ 
tor ; the plant which Mr. Leonard refers to has a dynamo driven 
by a steam engine. It leaves out the motor. 

Dr. Hutchinson: —Precisely; the steam engine takes the 
place of the first motor. 

Mr. Ihlder: —The steam engine takes the place of the^motor. 
Those tests were made some time ago by students of the Stevens 
Institute, who will publish them in the near future. 

Dr. Hutchinson : —I am simply referring to tests that you 
were present at. 
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Me. Ihldee :—If you have any, they are entirely at your 
service. 

Dr. Hutchinson: —It is merely a question of the current re¬ 
quired to run the intermediate dynamo and ‘motor constantly, 
whether the elevator is moving 1 or not. This work was done 
under your direction, and I shall not quote it except by your 
permission. 

Me. Leonard :—With the explanation I have made, you can 
give any figures you want to. 

Dr. Hutchinson :—The readings I am about to give were 
made on a slow speed drum freight elevator in the Otis factory. 
The car was driven by a motor of about 15 horse-power, to 
which current was supplied bv a dynamo, which in turn was 
combined with and driven by another motor, supplied with cur¬ 
rent from the building circuit. The strength of the field of the 
dynamo, and consequently its voltage, was varied by rheostat, con¬ 
trolled by the operator on the car. Thefirst motor and dynamo ran 
continuously during the hours of service of the elevator. In 
stopping, the elevator motor drives the dynamo as a motor, 
which in turn causes the first motor to act as a dynamo, thus re¬ 
turning current to the line 

The readings were as follows:— 


Current going up. 

Current coming down.. 

Starting current.. 

Current when ear was stationary. 

Current returned to line in stopping, depending upon 
the suddenness of the stop, from 20 to 60 amperes. 


20 amperes. 
40 amperes. 
80 amperes. 
16 amperes. 


The average of the up and down current was 30 amperes. 
Of this, 16 amperes is required for the dynamotor. That is to- 
say, over 50 per cent, of average power expended on the car is 
used in the controlling device. The actual running time of such 
a car is about one-fifth of its nominal operating time. With an 
elevator service of ten hours, 160 ampere hours would then be 
required for the dynamotor, and 28 ampere hours for moving 
the car. That is to say, of the total energy expended, only 15 
percent, goes to useful work, the balance‘being wasted in the 
dynamotor. 

When a steam engine is substituted for tlie first motor, the 
case is worse, since a motor is a much more proficient piece of 
machinery on light loads than an engine. 

]Mk. Ihldee:—I believe it is hardly fair to Mr. Leonard that 
this plant, which was run experimentally, should be quoted as 
giving exact figures. 

. I* was a motor generator combination running 3,000 revolu¬ 
tions, which was put together, by me out of machines which we 
happened to have in stock, in order to demonstrate that a speed of 
3,000 revolutions was not desirable for elevator service. So they do 
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not show really any economy; they were not commercial ma- 

Spragob :—Let us examine some of the statements which 
have been made. , There have been six speakers. 

Dr. Hutchinson has given some interesting figures hearing on 
the kilowatt hour expenditure per ear mile ot travel on the 
Postal plant between certain hours. 1 hese are mteiesiing, but 
f think his conclusion that the average result would not be ma¬ 
terially changed had the record been continued tor a longer pe¬ 
riod of time is in error, as I will show later by some reeoid.s of 

several thousand trips. .... i ...;n 

Mr. Hill has reproduced a good portion ol my paper. 1 will 

later correct a number of his statements.-some I shall ignoio. 

Another speaker, being somewhat timorous concerning electric 
elevators, advocates a mugwump system, a combination^ elec¬ 
tric and hydraulic, having few of the good and most ol the 
bad points' of both. It might, be pointed out that the ordinal> 
motor pump and hydraulic elevator is such a. system, hut this is 
probably not the specific, device which lie has m mind. 

Another sees great beauties in a type ol mnelime which 1 am 
building, likewise tin* company which lie represents, and exhib¬ 
its a strange incapacity to determine differences between screw amt 
dnim machines which ought to be clearly manifest to any mediant 

eal or electrical engineer. , 

Then again we have here the representative ol the continuous 
• operating system, whose advocate, contrary to one of bis prede¬ 
cessors, believes in the supremacy of the electric elevator, so long 
as it, Is the particular type which be advocates. 

Now, all these speakers are entitled, of course, to their respec¬ 
tive views. It, is true they are somewhat, contradictory. 

I will give a few facts now, and since the I ostu I olograph 
Building lias been especially considered, 1 will take that plant. 

First, 1 will state that there need be no mystery about the eon 
consumption. I have in my hand the operating log book handed 
me to day by courtesy of the attorney of the building. 1 hemold 
burned for'all purposes from .Juno, 1S‘.M ; to December, 1 
averaged <f| net tons instead of 7f ; 'lhis is the ofhcia! record, 

and not one quoted without authority. _ 

The comparison of other buildings mentioned with the 1 ostal 
is of little moment unless it takes into account the real duty per 
formed, and just here 1 will point out the fact that dm a eon m- 
uous service building, and more so than any ot her othce building 
in the United States, except the Western 1 nmn, which gets a 
part or the whole of its steam supply from the street mams. 

A cubic contents unit comparison is simply misleading me 
lighting of the Postal alone is a large factor, ami although t here 
aim three dynamos, each rated at 72 kilowatts, for the hgh nig, 
telegraph and ventilation, recourse is lmd sometimes to the street 
for The telegraph supply. 
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Averaged for six months, January to July, 1895, the engineer’s 
record shows an average for the above service for 24 hours, and 
for every day, of 356 amperes at 115 volts,or 982 kilowatt hours 
per day, and to give an idea of how steadily this demand holds 
up at different seasons we may note the hourly averages for each 
month as follows: 


January. 
February 
March. .. 
April.... 

May. 

J une. 

July. 


370 

308 

348 

338 

135 

345 


Average. 350 amperes. 

As distinguished from the other buildings mentioned, the Pos¬ 
tal has in addition to the continuous lighting service, and an ae~ 
tual, not janitor, night elevator service, a club and kitchen supply, 
and a telegraph and a pneumatic dispatch service. 

If the whole building, except heating, was supplied from a cen¬ 
tral station, the demands would he about as follows : 

Lighting and ventilation --- 808 k. w. hours, or about 52 per cent. 

Telegraph .174 *» »* 11 *< 

Passenger elevators.350 “ u 23 41 

Water pumping.. 25 “ “ 2 

Miscellaneous.180 “ “ 12 M 


r t 1537 100 per cent. 

These figures should speak for themselves. Since the plant is 
actually run locally on 6-J net tons of coal, then, assuming the coal 
distribution to be charged as per above percentages, l.-L'l tons 
should be charged against elevators for each 24 hours, and it does 
its proportionate duty in heating. 

r- It is, of course, difficult in a building which is always in use to 
make elaborate tests, but the following are submitted "in addition 
to the above record : 

The first is a coal record for the period beginning October 
2Sth, 1894, and was made by Mr. Maekav’s representative. Tim 
time was divided into three weekly parts. In the first, week tlm 
entire service was supplied locally, in the second week the ele¬ 
vator service was supplied from the street, and the third week 
the entire service was again local. 

Coal was measured by the number of loads of 2100 pounds 
each, and was as follows: 1 


First week, 45 loads, local supply .... 

Third week, 48 “ “ «* \ _.. 

Mean, first and third weeks, local supply.* 

Second week, 43 loads, street supply.;, . 

Average difference, one week, with and ‘ without ‘lwiti 

supply of elevator power . 

or 1050 pounds per day of* 214 hours..* * * ’ ’ 

Maximum difference, One week, will, and without, local 

supply of elevator power. 

or 1500 pounds per day of 24 hours*.*. 


04,500 lbs, 

100, H00 “ 
07,050 " 
00,300 *• 

7,350 “ 


10,500 
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The actual maximum record is about 50 '/h of our_ost.iimite tor 
the elevator service independently, that is, of 1.48 tons. 
This is probably in part, because some live steam was used for 
beating the building, and because the boiler efficiency on a re¬ 
duced 'power is a little less than when the elevators are running. 
It, is interesting to compare this with the statement, which was 
made by the Sprague Company as to what would be required in 
the matter of steam over and above the remaining service ol a 
building in case electric elevators are used instead of hydraulics. 
There was made during the second week, November 55 rd to No¬ 
vember 12th, when the elevators were run from the street, 10,15X5 
trips, a total travel of over <500 miles. 

Our estimate was that the water evaporation would not exceed 
250 pounds of water per car mile of travel. Six hundred miles 
would require an evaporation of not exceeding 150,0<M> pounds 
of water, or an average of 21,-b‘to pounds per day. At 
eight pounds of water per pound of coal, which is a con¬ 
servative rating of average boiler duty, this would be 2,080 
pounds of coal per day as the maximum for this duty. Take an¬ 
other record, that of the Kdison meter, for this same period from 
.November 55d to 12th. This shows 8 , 1uS ji . t*. hours charged. 
For (500 miles this would be almost, exactly a u. hours per ear 
mile of travel, or 8.so kilowatt hours. 

I see no reason to change my statement that on more modern 
plants the expenditure, averaged lor all classes oi service, will, 
with the average size of car. not exceed 55.4 kilowatt hours per 
oar mile. 

On the night of November 22d, 1895, a test (to which expert 
engineers were invited), was made under the following condi¬ 
tions, in the presence of' about twenty people: 

All electric, service, except elevators, shifted to street con¬ 


nection. 

()ne boiler only left connected l‘>. A W . 

All piping left in connection up to the engine and pump fhrot 
this. 

Steam supplied to elevator engine, boiler and house pumps, 
and main pneumatic pump. 

House pump prevented reliable use of water meter, hut coal 
was accurately weighed, ami nearly 2,000 electrical readings and 
the mileage of elevators were taken. One elevator was run on 
regular service, and five were run with 05it lbs. load (m >re. than 
the average). 


Boilor pressure. . .* * • • * • 

Kn^inc* pressure .......*. *.. • 

Prrssun* should hurt* bean .*.* 

Kxhnust into heating apparatus. 


t P3 lbs. 

no “ 
t sr» 


Wustin^hmise dimd equipment used. 






58 


SPJRA O UE ON ELECTRIC ELEVATORS. 


| Feb. 26, 


Result : 

Duration of test, 9.30 p.m. to 12.40 a.m:., 3 hours, 10 minutes. 


Number of round trips of 165 feet rise. 744 

Total mileage . 46=£- miles. 

Total coal burned... 1163 lbs. 

Less 10 per cent, for pneumatic and house service. 116 “ 


Net coal for elevator engine. 1047 lbs. 

Coal per hour... 331 “ 

Hourly mileage. 14| 

Coal per car mile. 221 lbs. 

Average kilowatts. 545- 

Kilowatt hours per car mile. 3.77 

Water at 8 to 1 evaporation per ear mile. 180 lbs. 

“ at 9 to 1 per car mile.... 204 ‘ ‘ 

at 50 lbs. per kilowatt hour per car mile. 1881 “ 

Average indicated h. p. of engine . 82’ 

h. p. per ear mile of travel.... 6 


It will be noted tliat tlie electrical expenditures per car mile 
of travel taken under actual service conditions for our work in 
1894 and that just given under a test at fixed average load are 
almost identical. 

Let us take another record, one interesting also because of the 
diversity of opinion as to the average live load. One says it is 
one-half, another one-fifth. Which is'right? I have in my hand 
the record of 828 trips, in which every man, woman and child 
got into or out of two cars in a tern story building, the Board 
of Trade of Chicago, was taken. I submit for record three 
sheets taken at random. (&ee pp 59, 60, 61). 

. The whole record is so long that I have not had time to average 
jt, but it will bear out the statement which I have frequently made, 
that the average live load in a car does not usually exceed one- 
fitth of the normal maximum live load. In other words, if 
the car is rated at 2,500 pounds the average will not exceed 500 
or 600. The meter record was taken of this same plant for the 
trips made, and shows an average of 4.1 kilowatt hours per car 
mde,. something over the Postal Their cars are larger and 
heavier and my guarantee was 4 kilowatts. Later it will run 
under the guarantee. 

. fhe Minneapolis plant I have never seen. The storage battery 
is being used because those locally in charge, at a time when I 
had nothing whatever to do with the installation of the plant, 
concluded that they would install a battery so that at certain 
hours of the day they could run their lighting and elevator m;r- 
viee from one engine and the battery. I presume that is wlmt 
they are going to do. The statement is made,-apparently got¬ 
ten from newspaper clippings, that the machines at thin plant are 
not up to guarantee. The test showed an apparent efficiency of 
ob per cent not 51 per cent,., but it is probable that there was 
an error m the net weights reported, or some of the parts or the 
guides or sheaves may have been running hard, for they should 
have shown about 62 per cent. But this is not very important. 
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PASSENGERS CARRIED .— Continued. 
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at the present juncture, for I hold in my hand the full copy of 
Prof, Shepardson’s report, and I quote verbatim the closing para¬ 
graph as follows: 

“ The meter was put in circuit Wednesday evening, January 
“1st, 1896, at 6 p.m. Readings were taken each day at the same 
“hour. At 6 pm. Saturday, January 18, 1896, the meter 
“ showed that 1129.2 kilowatt hours had been used by the three 
“ elevators in seventeen days. At the same rate, 1994 kilowatt 
“ hours would be used in a month of thirty days. At the regular 
“ motor rate of cents per kilowatt hour charged by the Minne- 
“ apolis General Electric Company, this would come to $149.50 
a per month. The discount of 35 per cent, for monthly bills be- 
“ tween $100 and $150 would reduce this to $97.17 per month 
“ for the three elevators for one month, or about $1.08 per ele¬ 
vator per day. This remarkably low cost of power actually 
“ used, shows the wisdom of your board in adopting electric 
“ power for your elevators.” 

The plant is to be extended. 

The Chicago Board of Trade plant is under the supervision of 
Mr. B. J. Arnold, a member of this Institute. The storage 
battery will be put in there because Mr. Arnold made the state¬ 
ment to this Board of Directors that with a single engine driving 
a 75 kilowatt dynamo he could run the four large elevators, a 
number of ventilating motors, and lights, both arc and incandes¬ 
cent, for a certain number of hours, and after that run entirely 
from the storage battery. It is not my province to criticise this 
plan or conclusion. 

At my own works, I am about trying a storage battery, but not 
because we are in any danger of breaking down, especially as 
we have a duplicate equipment, but because I wish the facts. 
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Ground for criticism lias been sought in the fact that the Postal 
has a street connection. That is a very sensible practice. They 
happen to have a good many motor converters which required 
absolute certainty of delivery of current for twenty-four hours 
for their telegraph service. Electric elevators at one time were 
not looked upon with general confidence, and there was oppor¬ 
tunity for serious delays and troubles in starting so new a plant 
Then, too, they wished to know if perchance it might be more 
economical to run from the street than from their own plant 
and as a wise provision, which people, under those circumstances 
would naturally make—it is now some two and a half years a»o 
—they put in break-down switches connected to both the 040 
and 120 -volt circuits. I think that was an ordinary precaution 
A passing comment upon the report of the Edison company 
is not out of place. The screw machines, which are the specially 
characteristic machines built by the Sprague company are <mn 
erally operated from large isolated plants and not from' the street" 
because individual elevator and light duty service has not. been 
sought by it. That, of course, anyone can do without trouble 
My aim has been to surpass. the hydraulic service in its highest 
tyPf; ’which is almost invariably operated by private plants^ 

With regard to the criticism that it takes more current to 
start a gravity machine than an over-balanced machine, that <mes 
without saying, but the reasons for using gravity control on%ho 
•* '”»««”<* will be set w?ti, Zable 

The statement that it requires 200 # or 300# more to start a 
machine than to run it will not stand'pmsont Investigathm In 
US*- there have been times when there has been from" 100 # 
to 200 ;* ex ® es ® °. f < : urrent used momentarily, not because the rna- 
C 1 ! ne *' e( l lm ’ ed ^at to start it, but because the resistance lias 
cut out of the circuit ,t . rate iu excess of tl , ,, i , , 

counter electromotive force. That obiection has I L 1 
away with, and with the small amount of static friction it is pos' 

ing mnZ5*M &Sflfuot " 5 * 

percentage above the running current and this umthm/ 1 ' 1 / °* ,0r 
tion does not interfere with the li-hts , 1 ° ° 1>wm ' 

circuit. ^" tb 0,1 a 1}ll ’ge central-station 

*“ during 

building, as in the Hotel tVh.lni'iiAl'f'Ti''V ■*** tl,e of the 
such potential variations « are 
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occur, nor can they occur, except under the most abnormal con¬ 
ditions and with engines and dynamos of the poorest character. 

Mr. Hill quotes my statement that ‘‘ measured by standard 
u practice, a given number of pounds of energy can be delivered 
“ to the controlling apparatus of an electric elevator for less 
“ pounds of steam, that is, water evaporated, through the medium 
“ of no less than fifty combinations of engines and dynamos than 
“ can he delivered to the valves of any hydraulic cylinder through 
“ the standard pumps permissible in average elevator practice, 1 ' 
and indulges in a curious mathematical flight wherein he gets 
lost in combinations and permutations. He says that this is a 
fair sample of the accuracy of the statements contained in my 
paper. I am glad to hear that frank acknowledgment, and it is 
fair "to say that his criticism of it may he taken as the measure of 
his criticism of the balance. It would seem that my original 
statement was quite clear. Put in a different form, it is simply 
saying; that there are no less than six or seven standard dynamos, 
and not less than seven or eight excellent engines, any one of 
which dynamos and engines can be employed, and by this com¬ 
bination energy can be created as stated. 

Mr. Hill distorts this statement into the absolutely absurd con¬ 
ception that there may be fifty transformations of energy, and 
that a high percentage of return can still be obtained. 

Now, as regards automatic control, I repeat, that in a hydraulic 
system the character of automatic control used on my electric 
elevators as it is practiced, is not feasible where a mechanical 
operating pilot exists, and if any device is applied to the pilot 
valves of the hydraulic elevator, to be effective in this way, it 
must be electric. Its use requires the operator to keep liis hand 
on the lever under all conditions of car movement, and operates 
to cut the current off instantly in hoisting, or to bring the car to 
a prompt stop in lowering, in case the operator is negligent or is 
pushed away from his lever, or in case any accident happens to 
him. This control is not on other makes of machines of any 
kind or description, and in case of an emergency it is of the most 
vital character. 

It is odd that some of the speakers have fallen into the mistake 
of assuming that we do not know exactly what our machines are 
doing, or what, with the improvements we are introducing, they 
can do. They also differ somewhat as to the relative costs of 
electric and hydraulic plants. My statement is entirely sound, 
that, measured by the prices which have obtained in this city for 
first-class hydraulic elevator plants, the electric equipments have 
been the less expensive plants to install, and even with the in¬ 
crease of generating plant are not necessarily more costly. 

Generally speaking, on large loads the total efficiency of a 
screw machine will vary from 60 to 6S per cent., and on a drum 
machine from 40 to 68 per cent. 

The best practice of governing over-balanced drum machines is 
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the use of a rheostat in the armature circuit up to one-half 
speed, and then the weakening of the field, exactly as i did on 
the elevated railroads some ten years ago. 

I am not proceeding in ignorance of the physical laws 
covering the operation of electrical machinery. * X try to 
meet all the conditions which arise in elevator service 
not simply selected ones,—and no man in dealing 
with human life is justified in ignoring the abnormal com 
ditions which may arise,—the failure of current, of a brake 
a cutoff, breaking of a shunt field wire, slipping of a brake* 
running away of the machine, or the carelessness or ignorance 
of an engineer or an operator. All machinery, we may sav 
when operating normally operates with safety.' What we are 
more concerned about is what will happen when conditions in 
an emergency are abnormal. 

I have no apology to make for my strictures upon the drum 
machine, no matter by whom made. 1 say that up to certain 
speeds, and under certain conditions, it is the proper machine to 
use. Under certain other conditions and more extreme speeds it 
absolutely is not the proper machine, and I say further that any 
machine which has not got the power of self-excitation in case of 
emergency should not be tolerated on serious passenger work. 

I want to emphasize this fact just as plainly as I know how. 

It is curious to near the claim that a < 1 rum and a screw ma¬ 
chine are practically the same, and it can only be accounted for 
by either a wilful disregard of facts, or because of ignorance of 
the essential principles of construction and control. ‘ I shall try 
to make the differences clear. There have been in the past two 
.forms of hoisting machines,—one the steam worm gear drum 
elevator, the other the hydraulic, either vertical or horizontal, 
lhe hydraulic has had the preference over the drum machine in 
the matter of first-class service, and in point of safety. 

Electric elevators are likewise of two types, the first being the 
drum—that is, the absolute counterpart of the steam drum ma¬ 
chine. subject to its limitations and modified by the replacement 
of a steam engine by an electric motor. The second is the elec¬ 
tric counterpart of the hydraulic macine, having all its “safeties ” 
and something more than its safety. As f have stated, I build 
both types of machines, but I. classify the duty to which, accord¬ 
ing to mv judgment and experience, and that of engineers in 
general, they should be applied. 

The drum machine is always subordinated in the class of work 

naifieq^m' 1 I* 8 a PP^ ( * ^ * s . X1()t deemed by hydraulic com- 
pamesnoi by myself, the equivalent of the hydraulic elevator 
for first-class service, although the drum machine I am building 
has, for example, six times the gear surface under pressure of 
many machines Ito strength a„d efficiency in this i I » 

lntelifet'vwhich'cl 1 ‘'“."“fi ]ww « OT . ‘Iii Amcnt/ot' abso- 
lute safety which characterize the screw machine, and which will 
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relegate the hydraulic elevator to a subordinate position. In 
general : 

The drum machine corresponds to the steam drum machine, 
long since given the second place. 

The screw machine corresponds to the very best type of hy¬ 
draulic elevator. 

There are detail points of differences on these two types of 
machine,—differences which I consider absolutely essential on 
first-class passenger service : 

1. The screw machine has absolute limits of travel. 

The drum machine, on account of the endless character of its 
mechanical movement, has no fixed limits of travel. 

It is therefore impossible to drive a screw machine into the 
overhead timbers, or send it into the basement by failure of the 
cut-off and brake. This has never happened to a screw machine. 
It can, and has happened to a drum machine. 

2. The screw machine not only has the normal cut-offs and 
brakes, but, on the up movement, the mechanical part absolutely 
dislocates in case the cut-off fails to work, and it has, at the lower 
end, a buffer nut, which will stop a car going 600 feet a minute 
without danger, in case every automatic should absolutely fail. 

The drum machine does not have, and cannot have, either one 
of these mechanical limit automatics. 

3. The method of control on the screw machine makes it self¬ 
exciting, both in normal operation at its lower limit and in the 
event of failure of the main current. 

The drum machine control generally adopted, that is, where 
over-balanced, is such that the machine cannot be self-exciting. 

The power of self-excitation, the impossibility of demagnetiz¬ 
ing the machine, and the fact that the current in the machine is 
never reversed, are essentials in the matter of safety under cer¬ 
tain conditions of failure of current and brake, because the ma¬ 
chine develops automatically a dynamic-brake of the most pow¬ 
erful character. 

4. At least four hoisting ropes are used on a screw machine, 
and from five to six car and counter-weight ropes. The ropes at 
the hoisting machine have fixed leads, and are equalized on each 
side. The ropes on the car pass over one set of overhead sheaves, 
and each rope has equal duty under all conditions. 

On a drum machine it is difficult to use more than two hoisting 
ropes, or at best three. They cannot be equalized at the machine. 
They 5 have a shifting lead, and under certain conditions they are 
apt to jump the grooves. If the cars go to the basement, the 
back counter-weigxit ropes which must be there used are iC broken- 
backed.” There are three sets of overhead sheaves, and three- 

different sets of ropes under unequal duty. 

5. In addition to the “ safeties” which characterize hydraulic 
chines, the screw machines carry a a centrifugal automatic ” at 
the machine which prevents intentional racing of the car by a 
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careless operator, and can, if desired, make the machine a self- 
exciting dynamo on a closed circuit. 

6. The screw machine can he built for any desired load or 
speed, for it is impossible to drive it past its automatics more than 
a fixed distance. It works on the gravity principle, precisely as 
the hydraulic does, and on that account has certain safeties not 
applicable to any other machine. 

The drum machine should not be built for speeds higher than 
300/ because it has a carrying-by power on account of the greater 
masses in motion, rapidly increasing with speed, which render it 
liable to run into the overhead sheaves or into the basement in 
case of failure of cut off at a critical moment. 

I hope I have made clear the differences in the two types of 
machines. Practical experience confirms mv impression as to 
the importance of these essentials. 

The tangible fact remains that, although electric elevators have 
been used for twelve years,— 1 putin one in the Pemberton Mills, 
Lawrence, Mass., in 1884,—it was not until the screw machine 
was developed that the hydraulic system was brought face to face 
with a real competitor. Its makers recognize that fact now. 

Much has not been said by those who have been speaking upon 
the subject of hydraulic elevators, so 1 will make reference to 
two plants. The first is that of the Masonic Temple Building 
of Chicago, and it is interesting to note the opinion of the Chief 
Engineer of the Crane company, who, on the 10th of May, 189;:>, 
sent a report to the Vice-President of the Crane company, from 
which I quote verbatim as follows: 

“Beak Sir :— 

“ Below you will find data as to the Hale elevators and 
“Worthington pumps as now operated in the Masonic Temple 
“ Building, this city. 

“ The conditions under which the observations were made were 
“ those in every day practice, no notice of preparation being given 
“ that such observations were to be made. 

“ The observations began at 7 a. m., May 8th, and continued 
“uninterruptedly until 12.10 a. m., May 9t)i, so as to take in one 
“ complete day’s service of the elevator plant. 

“ Registers'were placed upon the pumps so as to record each 

stroke made, and watch was kept upon the elevators and the 
“trips made by all of the elevators during the day were noted. 
“ The notes and figures give me the following results: 

“The elevators consumed 612,100 gallons of water, and the 
“ pumps delivered 1,409,722 gallons in the same time, showing a 
“ discrepancy between the gallons of water supposed to be deliv¬ 
ered by the pumps and the amount of water actually displaced 
“by the movement of the elevator pistons of 59$. In other 
“words, without taking into consideration whether the pumps 
“are the best that could be used for the purpose, or whether the 
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“ elevators are the best that could be used, these figures establish 
“ the fact that more than one-half of the coal now burned is ab¬ 
solutely thrown away and is burned for no useful purpose 
“ whatsoever, so far as running of the elevators is concerned.” 

This is followed by the usual modest claim that by a change in 
the hydraulic method of operation there can be a saving of nearly 
seven-eighths in the coal consumption. 

Careful avoidance is made, I notice, of mention of the Ameri¬ 
can Tract Society’s plant, put into operation in May of last year, 
and supposed to represent the highest result of the combined 
skill and talent of the engineers of one of the most prominent 
elevator companies in this country,—a plant installed in full 
recognition of the fact that the hydraulic elevator, as commonly 
built, no matter whether for high or low pressure, uses identi¬ 
cally the same amount of power for every foot of travel with or 
without a load. In this particular plant inverted differential 
piston cylinders are used, originally designed to work at about 
750 pounds pressure, and to use water on one side of the.piston 
when more than a certain load is carried, and on both sides on a 

differential plan on a light load. , 

The architects 5 requirements were that one car should make 
700 ft. and five cars 600 ft. per minute, that they should make 
1 200 round trips at full load in ten hours, and the guarantees by 
the hydraulic people were 1,750 lbs. of coal per day. 

That building is reported to have practically abandoned the essen¬ 
tial economic features of the plant. Pressures have been materially 
raised: the pumps and accumulators are disproportioned; a by¬ 
pass lias been introduced in the high duty pump to prevent its 
sticking; the differential valve has been largely inoperative; 
the speeds guaranteed are not made; the loads called for are no 
lifted ; the trips specified are not recorded. The building, while 
averaging for 24 hours less than one-half the lighting of the 
Postal Building, which has in addition its telegraph and pneu¬ 
matic rervice and carries more people per day on ^ elevators, 
is burning not less than eight tons of coal per day, and it is 
stated that at times it goes as high as nineteen tons. I have not 
had an opportunity to verify the statement of the engineer, but 

I think these statements will be found to be pretty close. 

1 Did time permit, I might add further pertinent reports, but 
these will suffice. I thank you, gentlemen, for your attention. 

[Adjourned.] 




AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS. 


New York, March 25th, 1896. 

The 104th meeting of the Institute was held this date at 12 
West 31st Street, and was called to order by President Duncan 
at 8.15 p. m. 

The Secretary read the following list of associate members 
elected and transferred at the meeting of Council in the after¬ 
noon. 


Name. Address. 

Betts, Philander 3d Electrician, TJ. S. Navy Yard, 
Washington, D. C. 

Burgess, Chas.Fred'k. Instructor in Electrical Engineer¬ 
ing, University of Wisconsin, 
Madison, Wis. 


Endorsed by 

C. J. Field. 
Frank Bourne. 
0. G. Dodge. 

D. C. Jackson. 
Wm. C. Burton. 
F. R. Jones. 


Chapman, A. Wright Electrical Engineer, Fort Wayne Chas. S. Bradley. 

Electrical Corporation, Balti- F. B. Crocker, 
more, Md.; residence, Brooklyn, M. I. Pupin. 


Firth, Wm. Edgar Chief Engineer, The Midvale Steel 
Co., Nicetown, Philadelphia; 
residence, 7203 Boyer St., Ger¬ 
mantown, Pa. 

Ford, Frank R. M, E. Consulting Engineer, Ford and 
Bacon, 203 Broadway, New 
York City. 

Gibbs, Lucius T. Manager and Chief Engineer, 
Gibbs Electric Co., Milwaukee, 
Wis. 

Gorrissen, Ch. Superintendent, Fort Wayne Elec¬ 

trical Corporation, Baltimore, 
Md. 

Green, Elwin Clinton Testing Department and Install¬ 
ing Work, Jenney Electric 
Motor Co. 206 South East St., 
Indianapolis, Ind. 

Hamerschlag, Arthur A. Electrical Expert, and Owner, 
Hamerschlag & Co., 26 Liberty 
St., New York City. 
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Chas. B. Dudley. 

T. Carpenter Smith 
R. M. Hunter. 

Jos. Wetzler. 

T. C, Martin. 

Wm. J. Hammer. 

Maurice Coster. 

D. C. Jackson. 

H. J. Ryan. 

Chas. S. Bradley. 

C. T. Hutchinson. 
F. J. Sprague. 

Arthur Frantzen. 

H. H. Hornsby. 

C. C. Haskins. 


O. P. Loomis. 
Jos. Wetzler. 
M. M. Mayer. 
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Hulse, Wm. S. Electrical Engineer, Fort Wayne 

Electrical Corporation, Balti¬ 
more, Md. 

Lozier, Arthur be la M. M. E. Salesman and Expert, 
Westinghouse, Church, Kerr & 
Co., 26 Cortlandt St.; residence. 
Hotel Winthrop, 125th Street, 
West, New York City. 

Mackintosh, Fred ? k. Electrical Engineer, General Elec- 
tric Co.; residence, 9 South 
Church St., Schenectady, N. Y. 


M anson, Jas. W. 


Phelps, Wm. J. 


Wire Chief. Franklin Street Ex¬ 
change. Met. Tel. and Tel. Co.; 
residence, 80 York St., Jersey 
City, N. J. 

Electrical Engineer and Con¬ 
tractor, Chicago, Ill. 


Chas S. Bradley. 
F. S. Hunting.* 
W. M Stine. 

E. J. Houston. 
A. E. Ken nelly. 
R. T. Lozier. 


A. L. Roll rer. 

H. Gc. Reist. 

W. L. R. Emmet. 

J. J. Carry. 

H. Laws Webb. 
II. N. Bethel!. 

Alex Dow. 

Edw. Caldwell. 
Henry W. Blake. 


Porter, H. Hobart, Jr. Agent, ^Westinghouse Elec. & C. T. Hutchinson. 

Mfg. Co., 120 Broadway, New F. J. Sprague. 
York; residence, Lawrence, L. I. W. D. Weaver. 


Ross, Taylor William Second Assistant Engineer, IT. S. 

Revenue Cutter Service, Rev¬ 
enue Cutter “ MeLane,” Key 
West, Fla. 

Sargent, Howard R. Electrical Engineer, General Elec- 
trie Co.; residence. 510 Lmon 
St., Schenectady, N. Y. 

Stewart, W. M. Wire Chief, Met. Tel. & Tel Co 

18 Cortlandt Street, New York 
City; residence, 80 York Street, 
Jersey City, N. J. 

Thurber, Howard F. General Superintendent, Met. Tel. 

& Tel. Co., 18 Cortlandt Street, 
New York City; residence, 49 
Sidney Place, Brooklyn, NT. \ . 

Total, 19. 


H. J. Ryan. 

C. P. Matthews. 

C. H. Sharp. 

Chas. P. Steinmetz, 
John B. Blood. 
Wm. G. Ely, Jr. 

J. J. Carty. 

H. Laws Webb. 

U. N. Beth ell. 

J. J. Carty. 

H. Laws Webb. 

U. N. Bethell. 


TRANSFERRED FROM ASSOCIATE TO FULL MEMBERSHIP. 
Approved by the Board of Examiners, Feb. 19th, 1896. 


Dommerque, F. J. 
Heath, Harry E. 
O’Dea, M. T. 
Badt, Erancis B. 


Chief Draughtsman, Chicago Telephone Co., Chicago, 
I1L 

Assistant Electrical Engineer, Eddy Electric Mfg. 
Co., Windsor Conn. 

Professor of Applied Electricity, University of Notre 
Dame, Notre Dame, Ind. 

Electrical Engineer, Siemens and Halske Eleetric Co. 
of America, Chicago, Ill. 


*•“»*». *• co“r& Eru,h "•** 

Boyer, Elmer E. Electrical Engineer, The General Electric Co., Lynn, 

Mass. 
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Mitchell, James, 
Coster, Maurice, 
Lloyd, John E. 
Potter, Wm. B. 


Constructing Engineer and Agent, General Electric 
Co., Rio de Janeiro, Brazil. 

Engineer, Westinghouse Electric and Mfg. Co , Chi¬ 
cago, Ill. 

Assistant Chief Engineer, Philadelphia Traction Co., 
Philadelphia, Pa. 

Engineer. Railway Dept. General Electric Co., 
Schenectady, 1ST. Y. 


The following paper was then read .by Prof. Puffer, after 
which the meeting adjourned to Columbia University where the 
experiments were shown. 





A J>aJ>er j,resented at the 104th Meeting 0/ the 
American Institute of Electrical Engineers , 
New York , March 25th, iSqb. President Dun¬ 
can in the Chair. 


A NEW METHOD OF STUDYING THE LIGHT OF 
ALTERNATING ARC LAMPS. 

BY WILLIAM L. PUFFEK. 

When a direct current of proper volume is caused to pass be¬ 
tween the tips of suitable carbons, there is produced the phenom¬ 
enon called the arc light. Generally the direction of the current 
flow is such that the upper carbon is the positive, and the lower 
the negative electrode. In order to produce a quiet and steady 
are, the positive carbon may have a soft central core to aid in 
the formation of the crater from which the greater part of the 
light is emitted. The negative carbon may he cored or solid. 

If we examine this arc light very carefully through dark glass, 
either smoked or colored, or better still, project an image of the 
arc on a white screen in a darkened room, using a good achro¬ 
matic lens of large aperture and moderately long focus, we shall 
see pictured out a beautiful but inverted image of the arc in 
correct colors and intensities. 

Knowing the direction of the current, we notice that the posi¬ 
tive carbon has a very sharply defined crater of dazzling white¬ 
ness of about ^ or ^ the diameter of the carbon itself. From the 
crater the somewhat rounded point of the carbon diminishes in 
brightness, and finally verges into the dark unchanged carbon. 
Upon this heated carbon point the evidence of combustion is 
plainly seen in shape of changing surface and falling or accu¬ 
mulating ashes or secorise, while about it may be seen the flames 
of the burning carbon. The appearance of the negative carbon 
is quite different and clearly characteristic. The point is sharper, 
often with a little tip at the extreme end, while its base has a 
sort of crown or wall of ashes. The little tip is of whiteness equal. 
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to that of the crater of the positive, but very small indeed. Be¬ 
low this tip is the hot pointed carbon which, however, is not 
nearly as hot as the positive. 

In the space between the two carbons is the bluish violet light 
of the incandescent vapor in the path of the current. This is 
the arc itself, relatively non-lmninous and in volume conical. The 
base of this blue cone is as large as, and is in contact with the 
crater, while the apex just touches the white tip of the negative 
carbon. Surrounding this core are several layers of gases of 
various shades of blue and yellow, and the flames of the burning 
carbons. The light thrown out by this combination of causes 
may be considered as coming from four sources. By far the 
greater part, from the white hot surface of the crater on the posi¬ 
tive carbon, a much lesser amount from the little white tip of 
the negative; less than this from the carbons considered simply 
as two red hot sticks, and a very small amount from the hot 
gases. It is evident that a large part of the total light will be 
thrown downward. 


L pon stopping the current, the heated carbons glow for some 
time; the positive is, however, very much hotter than the nega¬ 
tive and keeps hot longer. 

. after the carbons have become cool, an alternating current 
is caused to pass between them, and sufficient time allowed 
for the points to become settled into their normal shape, it will 
be been that the arc is naturally different in appearance from the 
direct current are. Both carbons will be of the same shape 
aving rounded points, each with a small luminous crater, from 
which is emitted the greater part of the total light of the arc. 

oth carbons will show similar signs of combustion with the 
accompanying flames and ashes, and the light will be thrown 
upwards as well as downwards. 

The blue arc between the two craters will appear as a band of 
nearly the same width m all parts, while about it are the several 
gaseous envelopes of different degrees of intensity. Upon slmt- 

defree^f I " 6 Carb ° nS WiI1 b ® found of the same 

degree of luminosity and heat. 

Somewhat more than a year ago, I wished to demonstrate to 
e senior class m electrical engineering during a lecture I gave 
them on alternating current phenomena, that, although wheif ex¬ 
amined by means of a large projected image upon a white screen 
m a darkened room, the alternating current arc appeared" be 
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as steady as the direct current arc, and the light was thrown 
equally upwards as well as downwards, yet there were very great 
fluctuations in the light due to the intermittent heating of the 
carbon points. 

The method chosen was the stroboscopic, which has given us 
at the Institute of Technology most excellent results in the hands 
of various experimenters while investigating the movement of 
transmitter electrodes, telephone diaphragms, tuning forks, 
vibrating strings, and the like. 

A hand regulating arc lamp was placed in a lantern, with a 
large achromatic lens so adjusted as to make an image of the 
arc some ten feet long on the screen of the lecture room. A 
transfer switch and suitable rheostats were arranged so that 
either a direct current or an alternating current of about fifteen 
amperes could be used. At a convenient point a disk of about 
eighteen inches in diameter, in which were cut eight narrow ra¬ 
dial slots, was placed so that the beam of light was interrupted 
as the disk revolved. The disk was fixed to the shaft of a direct 
current motor whose speed could be adjusted very closely by a 
rheostat in the armature circuit. 

As the alternator used was a 125-cycle dynamo, and the disk 
had eight slots, the stroboscopic effect would be produced when 
the light of the arc would be allowed to pass at a frequency 
very slightly more or less than that of the dynamo, or 

= 937^ revolutions per minute of the motor armature. 

8 

Suppose, for example, it ran at 937 revolutions per minute, 
then, counting from the time when the current in the arc was 
zero, each receding flash of light would be part of a com¬ 
plete alternation behind the preceding one, and owing to the 
persistency of vision the arc would be seen on the screen, as if 
the alternations had been so reduced in speed that it took two 
seconds for a single alternation of the current. 

An attentive watching of the image as the current alternates 
is now highly interesting and instructive, and can only be seen to 
he fully appreciated. 

It is clearly shown that the alternating current arc is a se¬ 
quence of direct current arcs, alternating in polarity, and that each 
wave of current produces very clearly and distinctly all the at¬ 
tributes of the direct current arc. 

The hot positive carbon with its white hot crater, from which 
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extends the fan-shaped blue light of the arc to the small white 
tip of the colder negative carbon, will be seen to die away, and 
all light goes out except the glow of the red-hot carbons,, 
and then light appears again with the current reversed. 

Early in .November last the subject was again taken up, with 
the very efficient aid of Mr. R. R. Lawrence, a post-graduate 
student in electrical engineering at the Massachusetts Institute of 
Technology, and rapidly developed with such beautiful results 
that it was decided to exhibit publicly before the the Society of 
Arts, which was done some little while after, at the regular 
meeting of January 2d, 1896. 

We first attempted to take a set "of instantaneous photographs 
of the arc at different periods of an alternation, and by the use 
of a pneumatic shutter, and a progressive motion of the lens, ob¬ 
tained some very sharply defined pictures. After many trials, 
this was given up, because of the practical impossibility of tim¬ 
ing the exposures with respect to the alternations, and we de¬ 
cided to use a disk with half as many slots as there were pole- 
pieces on the dynamo, and to ’drive it by the shaft of the ma¬ 
chine itself. 


The dynamo available was one giving a three-phase 500-volt 
current with a frequency of about 60 cycles. Two wires only 
were used to give us the current required. 

A somewhat long, light shaft, carrying at one end the disk 
and at the other a positive mechanical clutch, was mounted in 
me with the armature shaft. As the clutch could only be 
thrown m when the two shafts were nearly equal in speed, a 
small motor was placed so as to bring the disk up to speed when 
the clutch was thrown in and the motor belt removed. 

shaft 6 d A k * Wa !S h ? M hl ? aCe bj a frictional damp disk on the 

erenth 6 IT 1 ^ ’ “ d <*>* with Z- 

eience to the pole pieces or alternation of the current 

, J iearC t0 be tested was put in a boxing to keep away air 
horn the currents clo^e boh in <4 fho i IT 

roll holder in front of°the dis7 Wilh 1 a came ™ * 

„ ne ais *- VVith this arrangement the 

a. seen was perfectly steady at any part of the wave that eorre 

sponded to the position of the disk on the shafr 7, 
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Generally it was not necessary to take more than twelve ex¬ 
posures in order to get a series showing clearly the changes in 
light intensities during a single phase. 

We found that it was about as instructive to watch the appear¬ 
ance of the arc on the ground glass of the camera, and far more 
beautiful. In this way we examined both the effect produced 
in the arc by change in the voltage of the circuit, the current 
being kept constant by alteration of the resistance. 

For example, with 500 volts, and a large non-inductive resis¬ 
tance in series with the arc, it was plainly evident that the current 
wave was approximately sinusoidal, as the time of extinction of 
the current, as indicated by the blue band of the arc proper, was 
very short, and the rise and fall of the current gradual and with 
no irregularities. This is to be expected, as the back e. m. f. of 
the arc is small compared to the voltage of the generator, and 
the circuit as a whole is non-inductive. 

The opposite condition was realized by using a lower e. m. f. 
and regulating by a reactive coil. The time of no current was 
longer, and the current appeared to jump to its maximum in an 
exceedingly small angular time. In this case the arc was not 
steady, showing clearly to the eye that the succeeding waves of 
current were not alike either in form or current value, and also 
that the angle of lag was constantly changing. This fact has 
always prevented an accurate plotting of wave forms by the in¬ 
stantaneous contact method, and although known to exist, was 
never before actually seen. 

A very pretty double arc was arranged by using three carbons- 
and wiring two circuits, each with current regulators, in such a 
way that the arc was the common junction, and one carbon was 
of one polarity, while the other two were of opposite polarity. 
With wire resistances in each side, there was nothing peculiar to 
be noted other than the effects of the junction of two currents,, 
but when the resistance in one circuit was gradually cut out, and 
equivalent inductance cut in, there was at once visible evidence 
of the lag of the current, together with the change of shape of 
the wave and the unsteadiness before noted. Owing to the long 
time of no current in the inductive side there were times when 
even with considerable lag there were actually no visible traces of 
current between either points. This effect was dependent on 
adjustment of current strength and inductance, as well as voltage.. 
The sequence of currents and polarity in this arc was most beauti- 
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fully brought out when the disk was disengaged from the shaft, 
and driven by the little motor at a rate very slightly less than the 
dynamo. 

We found that work in the immediate vicinity of the dynamo 
was not very desirable, owing to air currents and excessive vibra¬ 
tion, so we arranged a combination of motors that will produce 
at any distance from the dynamo all the desired results. 

A very nicely balanced brass disk with four radial slots in it 
was attached to the armature shaft of a Holtzer-Cabot synchro¬ 
nous induction motor of eight poles. The pulley of this motor 
could be driven by a light belt from a self-starting induction 
motor of the same make, which is, however, not quite synchro¬ 
nous under load. By trial the two pulleys are wound with rub¬ 
ber tape until their ratio is such that the brass disk will be 
uniformly driven at a speed a trifle above synchronism, and the 
arc light can be seen through the slots to pass through the alter¬ 
nation at a desirable rate. 

% By a single movement of a switch, the non-synchronous motor 
is cut out, and the synchronous cut into circuit when tlie armature 
drops into step with the dynamo, and the arc is instantly seen as 
faxed, the belt is thrown off or left on, as desired. These arm¬ 
atures may be on the same shaft, if necessary. The synchronous 
motor does not stand on its base, but rests on the turned-outside 

of its bearings in pillow blocks which are attached to a suitable 
base frame. 

Concentric with the shaft and firmly attached to the motor is 
a brass gear, six inches in diameter, and on it a graduated circle 
On a lever pivoted so as to be thrown to or from the motor gear 
is a small spur gear with a milled head for turning. 

Turning this head will evidently cause the motor to slowly 
rotate about its axle, and as the armature must be in step with 
the dynamo, and as the turning of the motor changes fie posh 
t on of a given pole-piece relatively to the arc light, it follows 
that any part of the alternation of current in the are may be seen 
on he screen, and as the motor has eight poles, a quarter turn or 

the arc .^ 6 ^ ra< ^ Uate ^ circIe corresponds to a complete cycle in 
The picture of the arc can then be photographed measured 

ipieTj;-‘C dw “j 6isure in cr t 

.11 Z " f° sitire ’ or wl,e " thm “ "■>*'■«»* 

au and only dull red carbon points visible. 
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In this way we have seen single arcs of high and low e. m. f., 
long and short double arcs, arcs with much inductance in circuit, 
Jablochkoff candles, arc between a ring and a point within, the 
spinning arc between the ends of a carbon cylinder and a con¬ 
centric carbon within, with a magnetizing coil around the inner 
carbon and the like. 

One of the most beautiful arcs investigated by us visually and 




photographically was a rotary arc made by the use of three car¬ 
bons in the same plane, at angles of 120° apart and wired up as 
the junction point of an external Y l° a< ^ on a 500-volt 60 cycle 
three-phase generator. Non-inductive resistance was used in the 
circuit, and the current used in one leg of the Y was 10 or 15 
amperes. 

Twelve photographs were taken at equal intervals of 30° in an 
alternation of the current in one wire. Fig. 1 shows very 
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clearly the relation of the current waves from the different car¬ 
bon points, and the curved, fan-shaped figure indicates the posi¬ 
tion and direction of the bluish arc at the corresponding angle. 
The base of the fan rests on a positive carbon which has a 
white-hot crater and all the appearance of the positive carbon of 
a direct current arc, while the tip of the fan rests on the white 
spot at the end of a negative carbon. 

It will be seen at 0°, for example, there is no current on car¬ 
bon 1, and that 2 is negative and 3 positive, the blue fan-like 
arc curving from 3 to 2: 30° later, 2 is still negative and 3 posi¬ 
tive, but that an equal arc is now playing from 1 to 2. At 60° 
2 is still negative, 1 positive, but there is no current on 3. At 
90° the appearance is somewhat like 30°, except that the signs 
are changed, and the point with the double current is necessarily 
much whiter, it being now positive. And so on through the 
changes of the complete wave. 

This three-phase arc, when seen while the disk is running non- 
synchronously, is the most beautiful of any studied, and may 
be seen according to the different length of arc and the diver¬ 
gence of the disk from exact synchronism, either as a band of 
blue light which seems to be progressively travelling over the 
three sides of a triangular path, or as a rapidly spinning star of 
blue light, being in fact a rotary arc. 

The'three-phase arc is less noisy than the single phase, and its 
light is steadier and has less variation in its total intensity, owing 
to the fact that the current never stops, and there is always a posi¬ 
tive carbon. Three cored carbons, placed parallel side by side, 
with slight magnetizing coils to keep the arc at the ends of the 
carbon, will give a very satisfactory light in the direction away 
from the tips, and may be used when it is desirable to throw the 
light all in one direction. 

Four carbons at 90 apart, each with a suitable resistance in 
series with it, and connected to quarter-phase tap wires on a 
Gramme ring or other generator giving quarter-phase circuits, 
will also produce a rotary field arc of great beauty and interest. 

Study of these arcs is still going on at the Institute of Tech¬ 
nology under my immediate charge, which will, I hope, pro- 
uce results sufficiently interesting to justify a second paper at 
some later date. ' 


AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS. 


Meeting of Western Members. 


Chicago, Marcli 25th, 1896. 

A meeting of western members was held at the Armour 
Institute, this date for the purpose of exchanging information 
in regard to the “Rontgen Ray.” 

About 250 members and guests were present, Vice President 
A. S. Hibbard presiding. Mr. Charles E. Scribner presented a 
historical sketch of the discovery, and also described experiments 
made by him and the apparatus used. Dr. James Burry also 
spoke on “ The Surgical Yalue of the Rontgen Ray.” Prof. 
Stine presented the following details of his experiments. 

Prof. Wilbur M. Stine :—In the original paper by Prof. 
Rontgen the statement is made that when the cathode stream is 
deflected by a magnet, the X ray is given off from the new point 
of impact on the glass. By implication, it then seemed that the 
ray was produced at all points of the wall of the tube upon which 
the charged molecules constituting the cathode stream, impinged. 
This information proved too vague to materially assist the experi¬ 
menter in investigations or in the design of Crooke’s tubes. The 
fact that Geissler tubes do not generate the ray, indicated either 
that the ray was absorbed within the tubes, or that the cathode- 
repelled molecules lost their charge before reaching the walls of 
the tube. Again, were there two sources of the rays,—the sur¬ 
face of the cathode or some of the charged molecules of the 
stream, and the glass of the tube ? Some time since, the writer 
showed that the fluorescence of the glass did not of itself, even 
when associated with a static charge, produce the ray. This 
pointed out the criterion for the successful tube, that it was one 
in which the vacuum was sufficiently high to permit a free molec¬ 
ular path from the cathode to the glass of the bulb. 

Further, it has been recently stated on the best of authority 
that sciagraphs are produced not by the cathode, but are anodic . 
From the very first, the writer has kept these considerations in 
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view, and endeavored to obtain definite facts which should, be¬ 
yond doubt, establish the source and distribution of the ray. I u 
the following description the historical sequence will be preserved 
and a few leading dates indicated. 

From the very first, penumbral effects were observed. The 
first accurate experiment was made about February 20. A rod 
of iron was separated a fixed distance from the plate, the distance 
of the plate from the end of the bulb being already noted. The 
penumbral effects were plotted back and showed that the rays 
were emitted from almost the entire end of the tube. This ex¬ 
periment was repeated and varied a great number of times with 
about the same results. Early in the present month a more exact 
result was obtained. Pieces of fiat brass about £ inch in width 
were soldered together to form a geometrical figure. As these 



Fig. 1. 

rested edgewise on the plate, the width of the shadows could be 
measured with great accuracy. These, when plotted hack to the 
tube, indicated a source of the rays circular in shape and about 
1|- inches in diameter, this area corresponding in size and position 
with the dark ring, (the cathode imprint) on the bull). Was this 
then, one or the only source of the ray? It then occured to the 
writer, that a short tube would indicate very clearly the space dis¬ 
tribution of the rays. Accordingly, sections $ inch in height 
were cut from brass tubing, No. 18 gauge, of diameters ranging* 
±rom one-half to three inches. These were placed concentrically 
on a dry plate, and a sciagraph taken with the rings parallel with 
the end of the bulb and at a fixed distance from it. The tube in 
tins case was a small pear-shaped one. The shadows were con¬ 
centric, and, plotted back to the tube, indicated that a circular 
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area about 1£ inches in diameter was the prime source of the X 
ray (Fig. 1). To test whether the flat anode was also active, sim¬ 
ilar rings were placed opposite it. In this case, the shadows, in¬ 
stead of being concentric, were elliptical, and plotted back to the 
former area 1 (Fig. 2). 3 

Amongst the first experiments was one to test whether the ray 
could be polarized. It was found that tourmaline plates were 
sufficiently transparent. Two exposures were made, one in posi¬ 
tion of maximum transmission, the other at 90°, or in the crossed 
position. In. both cases, with equal exposures, the tourmalines 
were equally transparent. 

Another interesting experiment was to determine whether 



Fig. 2. 

various grades of dry plates were more or less sensitive to the 
Kontgenray. The results showed that the time of exposure was 
not influenced by the light-speed of the plates. Slow plates have 
since been exclusively employed, since they work with greater 
density and clearer shadows. The writer had the pleasure of be¬ 
ing the first in this country to announce this important discovery. 

This experiment possesses much theoretical interest, tiontgen 
and others have stated that the effect of this ray on silver salts 
was probably due to fluorescen ce which it induced on the film. 

1. Shortly subsequent experiments made by the writer, employing the same* 
method clearly indicate that there is also a more or less weak secondary source,, 
yiz wherever the cathode particles impinge upon the walls of the tube.- 
2 * The letter “A.*' here designates towards bulb opposite the cathode . 
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Were this the case plates exposed to such rays would act in pro¬ 
portion to their light speed, since fluorescent light is highly actinic 

Much stress has also been placed on fluorescent glass bulbs as 
the source of the ray. To test this, a cube of uranium glass was 
powerfully excited by a focused arc light, but onlv negative 
results were obtained in repeated and lengthy exposures.* 3 The 
surface of the cube was also kept charged by a Holtz machine 
but no results were obtained. The fluorescence of the bulb of 
the Crooke’s tube seems rather an accidental than a causative 
phenomenon. The kinematics of the Rdntgen ray was carefully 
and exhaustively studied. In short, no evidences were found of 
diffraction, refraction, reflection or interference. There are many 
appearances of such character, which have evidently misled some 
rather untrained experimenters, yet when carefully studied are 
found of negative value. 

The writer’s experiments have been extensive, and have been 
so fully described in the columns of the current technical papers 
that their repetition here seems unnecessary. Only a few of the 
more important results have been noted above. 


. Mr.B. J. Arnold a vote of thanks was ex¬ 

tended to Mr. Scribner, Dr. Burry and Prof. Stine for their con¬ 
tributions upon the subject of the evening and the meeting ad¬ 
journed. ‘ 


..—Ea route from Mexico to Boston. June 13th. 1896, .Samuel 0 Peek 
Boston. Mr Peck was born in Newtown, Conn., April 1866 

and was elected an associate member of the Institute September'6th 1887' 
at which time he was electrician for the Simplex Electron”Co at New! 
tonville, Mass. He subsequently entered the employ of the Thomson 
Houston Electric Co., at Boston. In 1890 he went to Mexico where ho 

Ite forT" 8 7 eng *^? as . a S ent of the General isieotrie Co.' 

ne s tai tea JNoith ioi the purpose at having a surgical operation nerfomw*,! 

and died on the train about three hours ride from the City of Mexico, 
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New York, April 22nd, 181W. 

The 105th meeting of the Institute was held this date at 1 2 
West 31st Street, and was called to order by President Duncan 

at 8.15 p.m. , . . , , . 

The following associate members were elected by Doitncn at. 

the meeting in the afternoon. 

Name . Address. Kmlorsrtl by. 

Baldwin, Bert L. Mechanical and Electrical Engiu- Nelson W Perry. 

eer, The Cincinnati Street R way L. <*. Ldle>, 

Co., 72 Perin Building, Ciudn- John A. Cabot, 
miti, 0. 

Clark Chas. M. Student, Electrical Course, Col- F. B. Croeker, 
nmbia College; residence. Hill. Geo. 1. Sever. 
Madison Ave., New York City. W. IL Freedman. 

Clark, William J. General Manager, Railway Dept. Louis Duncan, 

General Electric Co., 44 Broad 0. T. Hutchinson. 
Street, New York City. Prank J, Sprague. 

Yield, Henry George Consulting Electrical Engineer, Alex Dow. 

Field and Hinchman* 25 Hodges Jesse M. .smith. 
Building, Detroit, Mich. Henry S. Carhurf. 

Flory, Curtis B. Student;'Lehigh University ; resi- Alex. Mucfurbinr. 

deuce, 580 Broad Street, South II. S. Webb. 
Bethlehem, Pa. J. Henry Klinek, 


Clark, Chas. 


Clark, William J. 


Flory, Curtis B. 


Goddard, Chris. M. Secretary and Electrician, New 
England Insurance Exchange, 
Sec^y Underwriters’ National 
Electric Ass’n, 55 Kilby Street, 
Boston, Mass. 

Jackson, Wm. Steell Electrical Engineering Student, 
Lehigh University, Smith Beth¬ 
lehem, Pa.; residence, Duncan- 
non, Pa. 


EmlorM’d by. 

Nelson W. Perry. 

L. (*. Li Hey, 

John A. Cabot. 

F. B. Crocker. 

Geo. F. Sever, 

W. II. Freedman, 

Louis Duncan, 

0. T. Hutchinson. 
Frniib J, Sprague. 

Alex Dow. 

Jesse M. Smith, 
Henry S. (iirhnrf. 

Alex. Mnefiiriaue. 
II, S. Webb. 

J. Henry Klinek. 

F. K Cabot. 

0. B. Burleigh, 

A. M. Sehoon. 


Little, C. W. G. 


McCluer, Chas. P. 


Engineer, British Thomson-1 Ions* 
ton Co., 58 Parliament Street, 
London, Eng. 

District Inspector, So. Bell Tel. 
and Tel, Co., Richmond, Va. 


Alex, Maefnrlaue 
ILS. Webb, 

J. Henry Klinek, 

II. F. Parshail. 
Evan Parrv. 

It. W, Pope. 

M. B. Leonard. 
Geo. A. Tower, 

C. E. MeOfuer, 
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Speed, Buckner Asst. Electrical Engineer, Louis¬ 
ville Electric Light Co., 1521 
4th St., Louisville. Ky. 

Thomas, Robert McK. Asst. Chief Inspector, Bureau of 
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RECENT DEVELOPMENTS IN VACUUM TUBE 
LIGHTING. 

BY D. MC FARLAN MOORE. 

Most people have been accustomed to oil lamps, gas jets and 
other forms of light which have about reached their perfection. 
With the appearance of the arc and incandescent lamps it was 
thought that electricity had reached its limit in giving to the 
world a system of illumination that would leave nothing more to 
be desired. Indeed, it seems almost a presumption to dare to 
think of light being produced that would approach daylight in 
form and quality. The time is not so very remote when any 
man, who would have attempted to manufacture sunshine, would 
have shared the fate of a Galileo. 

But fortunately the investigator of to-day has nothing of this 
kind to fear. Much arduous labor has already been expended in 
the solution of the problem by many eminent electrical scientists 
engaged in the study of vacuum tube phenomena, but the results 
from a practical point of view have been very meagre. This is 
chiefly owing to the complicated and expensive apparatus neces¬ 
sary, and the very unsatisfactory results even then obtainable. 
In fact, light from vacuum tubes, which is the only form of illu¬ 
mination that actually approaches nature’s standard—daylight; 
has never been obtained in any quantity that would, in any way, 
be suitable for practical use. Of the other forms of electric 
lighting, the incandescent lamp is the most prominent. It is the 
peer of all illuminants in commercial use to-day, but is lacking, 
when we consider maximum uniformity in the distribution of 
light, and when-calculations show that only three-tenths of one 
per cent, of the energy of the coal necessary to produce light by 
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incandescence (its name defines its character) is actually trans¬ 
formed into light, it is evident that there is room for improve¬ 
ment. The new electric light should possess all the good qualities 
of the present lamp with none of its drawbacks, and among its 
improvements will be noted the combination of utility and "dec¬ 
oration. The recognized tendency of the day is towards multi¬ 
plication of lights and avoidance of strong shadows—in other 
words, an even illumination, that is; light from all directions. 

The object of this paper is not only to call attention to the ad¬ 
vantages that will accrue with the adoption of vacuum tube 
lighting, but more particularly to a,simple method of obtaining 
a current which will ultimately make such an adoption universally 
feasible. Almost without exception, experimenters in vacuum 
tube lighting have hitherto sought for the solution of the prob¬ 
lem by merely pushing to the extreme, well-established methods 
based on principles long known in the art. That is, strictly 
speaking, no radical departures from the well-beaten paths have 

+ 

+ < 6>fo=fh3>_ 

Fig. 1. Pig. 2. 

been as yet brought forward. However, this paper does repre. 
sent radical departures: in principles, in apparatus and in the 
nature of the current, resulting in a light of greatly increased in¬ 
tensity. 

Befoie entering upon a description of the new system, permit 
me to call your attention to the methods heretofore used for ob¬ 
taining light from hermetically sealed glass tubes containing a 
rarefied gas. 

Foi many years the Greissler tube has been a scientific toy. 
When a suitable electric current is connected to its terminals, its 
entire length is filled with a faint glow. This is, of course, a 
light of radically different character from that now used in any 
commercial form of illumination. (See Fig. 1.) 

It is light emanating from rarefied air with an apparent ab¬ 
sence of beat and combustion. Upon this principle developed, 
probably depends the light of the future, which will soon be, in 
the opinion of the writer, the «light of the present. 53 As a 
device for transforming electrical energy into light, the vacuum 
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tube is very efficient. Tlie majority of authorities place it 
at about 70 per cent, and the incandescent lamp at two per cent. 
Notwithstanding this remarkable efficiency, it has never been 
commercially possible to illuminate by vacuum tubes, because the 
light could not be made sufficiently intense (this is expressing it 
mildly) even with bulky apparatus that was entirely impractic 

able. , 

Furthermore, the current produced by such apparatus was ot 
such a nature as to render its insulation extremely difficult. The 
ordinary induction coil is often used for this purpose. A current 
of low voltage, such as that from a battery of a few cells must 
be used with such a coil, because a current of higher voltage 
could not be properly disrupted, the arc forming, preventing a 
sudden break of the current. But since the light depends on the 
suddenness of the break, the arc must be prevented, therefore the 
quicker the break, the brighter the light—provided the apparatus 
is properly designed. 

The quickest break can be made by interposing in a circuit the 
most perfect dielectric in the minimum space of time. The best 
dielectric known is a vacuum, and I have discovered methods for 
interposing it in rapid succession in a current in a minimum 
space of time, depending upon the principle of making and 
breaking a current rapidly in a vacuum. 

The disruption of any current in the air results in the forma¬ 
tion of a spark of greater or less length, and the greater its 
length, the less sudden the break. Therefore, if the break be 
made in a vacuum, the narrowest conceivable complete gap in 
the metallic conductor results in an almost instantaneous discon¬ 
tinuance of current, ensuring a maximum c. E. m. f. The cur¬ 
rent is thus interrupted in an almost infinitely short space of 
time as compared with all the ingenious mechanical contrivances, 
such as air-blasts and magnetic blow-outs devised for the pur¬ 
pose of breaking a current suddenly in the open air, but all of 
which are of little avail for the production of any quantity of 
light. 

The vacuum vibrator, as shown in Fig. 2, is the nucleus of 
my invention. Although an exceedingly small device (not as 
large as one’s finger) it demonstrates when in circuit with a small 
magnet (not as farge as a tea cup), a principle embodying great 
possibilities. It is a new piece of apparatus, exemplifying a 
principle of value not only applicable in practical use, but also an 
improved implement for scientific investigation. 
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It is almost unnecessary to describe such a simple piece of ap¬ 
paratus, which consists merely of a spring rigidly supported at 
one end, and having attached to its free end a small disk of soft 
iron. A contact point rests against the spring at about its centre. 
A sealed glass tube, from which the air is exhausted, encloses 
both spring and contact point. The system, as a whole, is ex¬ 
ceedingly simple. An electric current passes through a coil of 
wire a.nd then through the vacuum vibrator. Wires in contact 
with the outside of each of the ends of a closed and empty glass 
tube are attached to the two ends of the coil of wire. This 
statement embodies the gist of the invention. (Fig. 3.) It will 
be noticed that this system is far simpler than the apparatus ordi¬ 
narily used to excite Geissler tubes. The secondary coil is absent, 
reducing the expense and bulk many fold, as are also the metallic 
terminals sealed into the ends of the Geissler tube, but it pro¬ 
duces light, the desideratum, in wonderfully increased volume. 




With this apparatus, currents of almost any voltage can lie 
rapidly and suddenly interrupted, and it is therefore now pos¬ 
sible to obtain, by using ordinary commercial currents, strong 
light in vacuum tubes. 

When the circuit through the magnet and vibrator is closed, 
the armature within the vacuum vibrates rapidly, disrupting the 
current within the vacuum at each vibration. 

The resulting high-tension current excites a brilliant luminosity 
in another tube, usually of much larger dimensions, and contain¬ 
ing a lower vacuum than the vibrator tube. There is, therefore, 
a necessity for two vacuums, one the very highest, the other very 
low. However, I have tried a number of experiments, using but 
one vacuum, practically amounting to an enlargement of the 
vibrator tube aud a lowering of its vacuum. (Bee Fig. 4.) 

This is manifestly not a good plan for the production of light, 
because the breaking of the current does not occur in a high 
vacuum, but it led to an interesting line of experiments, the most 
novel of which will now be brought to your attention. 
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"Within this low vacuum is placed a wire which can be bent and 
shaped into any form desired, as shown in Fig. o. TP hen con¬ 
nected to the vibratoi’, the beautiful effect is immediately appar¬ 
ent, the wire being enveloped in a delicate purple glow. This 
can be applied to various purposes, such as advertising. One 


OPEN 



wire only, connects this sign tube to the vibrator, and it 
is attached to the armature terminal of the vibrator, because 
when so connected, it is the one which receives the high poten¬ 
tial discharge of the magnet. In the bulb now shown (Fig. 6), 
the vacuum is higher, and a single wire extends through the 
centre. The light, instead of appearing as a purple envelope 
.around the wire, now fills the entire chamber with a beautiful 
milky glow. 

Close inspection, however, reveals the fact that there is a ver\ 
small dark space immediately encircling the wire, and beyond, it 
there appear to be rapidly moving rings of light, concentric with 
it. In fact, one is reminded of the field of force surrounding a 
conductor, as displayed by the familiar arrangement of iron 
filings—indeed, it is a similar phenomenon—the molecules of the 
residual gas taking the place of the iron filings. 

The next bulb (Fig. 7) is similar to the one last shown, but 
with one exception. The wire is not single throughout its entire 
length ; for a space of about three inches at its centre it separates 
into six strands, which thereby form a kind of cylindrical cage 




Fig. 8. 


about one-half inch in diameter. In this ease the entire bulb is 
not filled with a glow, but the interior of the cylinder forms a 
pencil of light quite dense, denoting that a new principle is 
brought into play. It is this—every current creates its own elec¬ 
trostatic field around its conductor, which, when immersed in a gas 
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at the proper degree of rarefaction, causes it to give forth fiofit 
which is most dense in a comparatively small circle surrounding 
the conductor. (See Fig. 8.) & 

When two wires, each having its held of force, are placed 
parallel to each other and about one-lialf inch apart, the density 
of the field between them will be doubled, and consequently the 
light in almost the same proportion. It will thus be clear' that 
the pencil of light is due to the intersecting or overlapping of 
the fields of force of each of the six strands forming the cao-e 
Upon this new principle many interesting lamps have been con¬ 
structed, the problem being to get a maximum number of fields 
of force to intersect. Probably the best solution is in a cylinder 
made by spirally winding a wire, as in Fig. 9, causing its field 
to intersect in a manner that is almost ideal. This explanation 
may seem at variance with Faraday’s famous experiment, prov¬ 
ing that an electrostatic charge does not reside in the interior of 
the charged body. The vacuum may make the difference. 



In this bulb (Fig. 10) there are two separate terminals project¬ 
ing from the glass. When the spiral is connected to the negative 
pole of the vibrator, and the other terminal is made positive, the 
light is greatly increased. Such a lamp can be very conveniently 
made by using an incandescent lamp bulb, as in Fig. 11. The 
bit of platinum wire extending into the bulb and forming the 
positive pole, can be placed in any of the positions 1, 2, 8, 4, 5, 
without affecting the light in the spiral, but it is apt to become 
heated, and this is remedied by attaching to it a metal wire ring. 
(See Fig. 12.) , * 

In these lamps a large proportion of the light is confined 
within the spiral, and since volume is desirable, the idea of in¬ 
creasing the number of spirals suggests itself, as in Fig. 18. But 
the total volume of light emitted by four spirals is only equal to 
lat o a single spiral lamp, that is, each pencil is but one-fourth 
as bright; hence, to bring them all to full brightness, the energy 
ot the inductive current should be increased in proportion. 
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With the idea of obtaining from the entire bulb a uniform glow, 
the lamp shown in Fig. 14 was constructed. The “ filament 
consists of a great many complete loops of very fine aluminium 
wire. Fine wire was used, not only because of appearance and 
weight, but also for two other reasons : 1st, because a fine wire 
has about as large a field of force as a much larger wire; and, 
2nd, because it does not obstruct the light so much, and at the 
same time is a minimum of metal within the vacuum. This is a 
matter of much importance, as upon it largely depends the life 
of the lamp. A great many different conductors were used for 
the construction of these filaments, the main idea being to use 
that material which contained the least occluded gas, and would 
be disintegrated a minimum by the action of the current. Fig. 
15 shows ordinary incandescent lamp filaments utilized in aglow 
lamp, but one leg only is cemented at the centre of the bulb to 



the negative terminal,the other being free—a veritable fountain of 
filaments. A rather curious and not entirely explained phenom¬ 
enon was noticed in this form of lamp, viz., the free ends of the 
filaments were apt to be violently agitated, and whenever they 
touched the glass of the bulb, they heated up to a bright red 
throughout their entire length, producing a most brilliant com¬ 
bination glow and incandescent light. Many are the advantages 
of these lamps over those using fluorescent materials, as the sul¬ 
phide of zinc or calcium. Sometimes when the exhaustion is 
carried a little too far, the vibrator current is unable to affect 
the lamps, but after they are held in contact with one pole 
of a large induction coil for a few moments, and then connected 
to the vibrator current, the trouble ceases. 

In all of these forms of lamps it is very interesting to note that 
in order to get maximum light, the sub-divided terminal of t le 
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lamp must be so connected to the mains that it is negative. This 
is interesting to remember when the subject of lighting tubes is 
considered. 

The class of lamps will now be considered where, instead of 
sub-dividing the lighting electrode into filaments, plane surfaces 
are used. 

The bulb in Fig. 16 contains two pieces of sheet aluminium 
equal in size, set with their planes at right angles to each other 
in order that a minimum of light may be interrupted from any 
point of view, and that the positive will act as a reflector to the 
negative. These pieces of aluminium must be carefully cleaned be¬ 
fore being placed in the lamp, because any grease upon them will 
cause beautiful tufts of light all over their surfaces, instead of a 
glow filling the bulb, and the vacuum will soon be lost. Of 
course, in a lamp of this construction the poles can be changed 




with impunity, and if an alternating current be passed through 
the vibrator, both plates will give light, but the total amount 
will be the same as when direct current is used. 

One of the many modifications of this form of lamp was to 
make the magnetic pole in the form of a small cylinder of alu¬ 
minium gauze. 

Many lamps were made on the principle of a spiral within a 
spiral, wound in the same or opposite directions, and also of 
using metallic coatings on the tubes interior and exterior,-as well 
as ming u bs of all shapes and sizes. One important advantage 
o be noticed in all these forms of lamps is the total absence of 

OeisJk7tu°bt JeCtl ° nal>le 8triati ° n9 ’ snch as occm ‘ the ordinary 

Fig. 17 is a v eiy simple form of lamp—merely a single piece 
•of straight carbon filament producing the light. 
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Fig. 18 is another of peculiar form—an unusual density of white 

lioht inside the convolutions of the spiral. 

°To determine whether there was any appreciable heat at the 
centre of an intense pencil of light, a number of lamps were con¬ 
structed in which various substances were placed at the point ot 
greatest density of light, as in Fig. 19, hut in no instance was. 
the substance affected in any degree whatevei. _ 

Following out this idea a little further, there was inserted a 
small glass tube containing air properly rarefied in the centre o 


a spiral, as in Fig. 20. , , 

But the inside of the small tube remained dark ; nevertheless, 
the glow outside of the spiral, dark space and other phenomena 
even to the tufts of light between some of the convolutions of 
the spiral are the same as those in a similar lamp without a tube, 


inside its spiral. 



Fig. 19 . Fig. 20 . Fig. 21 . Fig. 22 . Fig. 23 . Fig. 24 . 


Another lamp was then made the same as the last,, except the 
tube inside the spiral has a platinum wire extending into it, 
which wire is electrically connected with the spiral (Fig. 21.) 
Of course, the small tube was tried separately before being placed 
in the lamp bulb, and it filled with a white glow. But after the 
lamp was completed it refused to give any light; the glow out¬ 
side the spiral, however, was the same as though there was no 
inner tube present. 

Hoping to get a lamp with almost no metal in the light-pio- 
ducing vacuum, the lamp shown in Fig. 22 was constructed 
the spiral is within a separate tube. When tried, a tuft of light 
appeared in the top and bottom of the small tube which was sur¬ 
rounded by a faint glow, the outlines of which are shown by the 
dotted line. 

The next step was to do away with the inner vacuum and con- 
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struct a bulb as shown in Fig. 23. When a spiral was inserted 
in the tube and connected to the negative pole, the positive beino- 
either 1 or 2, a dark space one-eighth inch deep surrounds the 
tube, beyond which a faint pinkish glow appeared filling the bulb 
The phenomena known as “afterglow,” which is sometimes no' 
ticed in evacuated bulbs after having been subjected to an elec' 
trostatic strain, I have been able to obtain, but very seldom 
(Fig. 2k) However, this bulb could be picked up and carried 
around the room, but every time it was picked up after beino-laid 
down, a discharge resulted, which, being repeated three orVuir 
times, dissipated the glow entirely. 11 

From a tube containing two parallel wires, shown in Fi»-. 25 

but with a low degree of exhaustion, the glow was entirely ab 
sent, but instead, brilliant, flaming yellow discharges completely 
filied the space between the wires, which was over half an inch 
wide and about two feet long. 

At the beginning of the lecture your attention was called to 
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gap as shown by the dotted lines. Your attention is called to the 
fact that lamps of this kind will operate equally well, whether 
connected in multiple or in series, provided the area of the nega¬ 
tive electrode is about the same in each ; if not, that one in which 
the negative electrode is of greatest area will alone light up. 

If a single bulb of small size be connected to a circuit of con¬ 
siderable induction, a well-defined discharge is liable to occur 
which will ruin the lamp. 

In Fig. 27 an inductive resistance is distributed with each lamp, 
making the system of distribution self-regulating, that is, the 
turning on or off of lamps will not affect the brilliancy of those 
burning steadily. 

.Referring again to the diagram of circuits showing the system 
in its simplest form: If good results are to be obtained, the mag¬ 
net must be designed and constructed with the greatest care. Its 
duties are two-fold; first, to give the vibrator its mechanical mo¬ 
tion, and second, to act as an inductive resistance. The iron core 
must be proportioned to the conditions of the circuit. If there 
be too much or too little, the light suffers, but a certain amount 
of iron should remain, in order that the magnet have sufficient 
power to vibrate the armature. Similarly if there be too many 
•or too few turns of wire on the magnet, the light is decreased. 
From this it is evident that vibrators of different rates will not be 
suitable to the same magnet. However, even when a vibrator is 
■connected to a suitable magnet and circuit, and produces a good 
light, can be further improved by “tuning the circuit,’ 5 that is, 
altering its self-induction by varying the amount of iron in 
the magnet’s core. It should also be stated that by this means a 
maximum light is obtained from a minimum current. In order 
that the time constant of the magnet be a minimum, and to en¬ 
sure rapid action, the magnets should be short and thick. Large 
induction coils cause the tubes or lamps to give forth but little 
light, while a small magnet, whose length of wire is not T ^- that 
of the induction coil, will cause the tubes and lamps to light up 
brilliantly. 

It is interesting to note that with a comparatively few turns of 
wire, a very small one-volt battery will give quite a strong glow. 
This glow can be intensified by using a secondary coil. 

Although the various lamps that have been described are of 
great interest, nevertheless the very nature of lighting by lumin¬ 
escent gas is such, that it is far more applicable to radiate from 
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sources of considerable area than from units of light of S m a ]( 
area. The best method of obtaining light from a large area islm 
the utilization of tubes of considerable length, instead of small 
bulbs. The light of these tubes should be entirely free from the 
very objectionable striations always present when interior elec 
trodes are used; but these striations are entirely obviated 1 
using exterior electrodes. They may be metal caps on the out¬ 
side of the tube, or preferably merely coatings of metallic paint 
Such tubes can be made up in almost any lengths, and can be 
bent into a great variety of forms, making them suitable for ex¬ 
quisite decorative effects. Under this head can be mentioned 
the fashioning of tubes in the form of letters, which may be used 
as electric signs. 

Permit me to call your attention once more to the key of the 
whole system, viz.:—repeated interruptions of an electric current 
in a high vacuum. 



Fig. 27. 


Fm. 38._KkHit.rie Vibrator 
Litfht Carbon, (JonUel, Points 


. s i‘ n p[est method of accomplishing this object is to herme¬ 
tically seal within a glass tube a vibrator of ordinary form but 
its exact construction to give the best results has been a' matter 
of tedious experimentation and study. The very slightest altera¬ 
tion in the dimensions of almost any of its pita-such Is the 
length, width and thickness of the spring, or its method of mount¬ 
ing, or the position of the contact points, or the thickness or 
diameter of the armature, will cause it to be a very good, or a 
veiy poor vibrator. Again, the operations of the glass-blower 
had to be watched most carefully. Only certain kinds of iron 
and steel were selected, to avoid occluded gases, and even then 
they must undergo a special treatment before being fit for use. 
The selection of suitable contact points has also been a large field 
for research. Nearly all known conductors have been tried, and 
many interesting tacts have developed in this connection, not 
only so. far as the direct action on the various metals in vacua 
and various gases is concerned, (and this several in instances is 
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the reverse of the phenomena noted in open air), hut also with 
reference to the electro deposition or electrolytic action that takes 
place. For instance, as is well known, the positive electrode is the 
one which disintegrates most rapidly in the open air, and its apex 
is usually concave. This is probably best shown in the ordinary 
direct current arc lamps. If aluminium or any soft metal of 
comparatively low fusing point be used as contacts in a vibrator* 
after about a day’s run, an examination shows that the shape and 
condition of the contacts is just the reverse of the way they appear 
after use in the open air. That is, the positive terminal looks 
like the negative, and the negative like the positive. (See 
Fig. 28.) 

I have constructed several dozen distinct varieties or amplifica¬ 
tions of the ordinary type of vibrator, such as multiple contacts, 
etc. 



1 

Fig. 29. Fig. 30. 


Fig. 29 shows one form, in which the object was to produce a 
larger number of breaks of the current per unit of time by pro¬ 
viding two contacts, as shown. In some respects this scheme 
worked well, that is, the light was stronger than that produced 
by an ordinary vibrator with a single magnet, but the light was 
not steady, and when the connections were changed so that but 
one magnet was used, the light flickered still more. All the 
vibrators so far considered, have had their springs so adjusted, 
that the contacts remained normally closed. Fig. 30 shows 
a circuit using a vibrator normally open. The small magnet con¬ 
stantly closes the circuit, and the large one opens it. This ar¬ 
rangement gave a good light. A number of ordinary vibrators 
have been operated, arranged with the magnet above the armature, 
so that gravity helps close the circuit. Of course, springs and 
armatures of scores of shapes and sizes, including gravity vibra¬ 
tors, have been tried, the principal object being to obtain a method 
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for taking up the wear of the contact points; but the best solu¬ 
tion of this problem lay in getting contact points that would not 
wear because of a more perfect vacuum. 

Turning now from the mechanical construction of vacuum 
vibrators to consideration of their unique properties from a 
scientific standpoint. As stated before, roughly speaking, the 
prime object of making the break of the current in a vacuum is 
to produce an increased c. is. m. v . over that resulting from an 
air-break. But I venture to say, few as yet realize the possibil¬ 
ities and the tremendous advantages involved in the separation 
of electrodes in high vacua at regular periods of time, ft is 
indeed questionable whether the increased <:. k. m. k. of the ether 
gap is responsible for the results. It is more probably due to 
the fact that the wavelengths of the current resulting'from an 
ether gap differ radically from any that have heretofore been 
known of. Recognition of the importance of this phenomenon 
led me to use the word “etheric” in connection with my system 
of tube lighting, because the light is directly dependent upon what 
I designate as tiie ether gap of the vacuum. Our best notion of 
the separate existence of the ether is formed by thinking of that, 
which remains within a vacuum of the highest degree we can 
Produce. It may have been noticed, that so far I have not used 
the word “phosphorescent.” it, is undoubtedly a misnomer as 
applied to tube lighting; but to make matters worse, there seems 
to be no word in existence exactly or even approximate! v suit¬ 
able. 

The word etheric is especially applicable to light produced by 
the ether gap. That incomparably better results should be ob¬ 
tained by using a vacuum as a dielectric seems to be in perfect 
accord with accepted theory which has largely been upheld by 
actual experimentation. For example, setting aside for the time 
being that part taken by the magnet, let us consider only the 
break,—the spark. 

. Firs b what is required is a continuance of the rapid oscilla¬ 
tions of an electric discharge, and I desire to show that this 
is accomplished by a vacuum vibrator in an ideal manner One 
method of obtaining an oscillating discharge is to use a potential 
such that an air-gap of considerable width is bridged by the 
spark But the manner in which such discharges succeed'each 

° . f r . ^gey depends upon the irregular movement of the air 
within the gap. 
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This method is unsatisfactory for many other reasons, among 
them the very objectionable high tension required, but there re¬ 
mains the conductive method of causing a spark, exemplified in 
the ordinary vibrator and induction coil. Here the sparks in the 
primary circuit can be made to succeed each other quite rapidly, 
but the length of time required for each complete break is long. 
However, with the vacuum vibrator, a new and simple device, 
the conditions are different, and so are the results. Here the 
dielectric is an exceedingly thin film of ether, which is capable 
of withstanding a great electrostatic strain, but when it does 
break down, it does so very suddenly ; that is, it may be consid¬ 
ered a perfectly disruptive discharge, and therefore its single 
oscillations are very short; but as a whole they are long contin¬ 
ued. This means that the frequency is high, and, according to 
Maxwell, very high frequency oscillations are probably identical 
with light. 

The small magnet, being a circuit of induction, has its own nat¬ 
ural period. But its period and moment of inertia will be less, the 
less its capacity. That is, the smaller the magnet the smaller the 
period, or the higher its frequency can be. 

But to have an intense light, there is required a high e.m.f. of 
self-induction. This the small magnet furnishes, because what 
is lost in self-induction by using a comparatively few turns 
of wire is more than made up by the suddenness of the discon¬ 
tinuance of current flow, and the fact that the high vacuum pre¬ 
cludes the possibility of loss to the self-induction ordinarily due 
to the glow discharge which precedes the disruptive discharge in 
the air. The self-induction also depends on the amount of cur¬ 
rent flowing through a circuit when interrupted, and this the vi¬ 
brator provides for, in that all the current which flows through 
the coil does not pass through an arc, but is transmitted over ac¬ 
tual metal contacts. Also since these contacts are so very close, 
due to the thinness of the dielectric, the oscillatory discharges do 
not leave the metal and pass in objectionable minute streams 
through the vacuum. And the number of oscillations in the coil 
and the amount of light, depend in a measure on energy ex¬ 
pended to overcome the resistance of the dielectric which is al¬ 
most infinitely greater than that of air. 

That the silent discharge prevents long continuance of oscilla¬ 
tion is shown in the Hertz experiments, where the experiment 
fails unless the balls of the electrodes are kept polished. That 
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the vacuum vibrator is nearly ideal, is again shown in that these 
troubles are almost entirely eliminated. The ether is undoubt¬ 
edly the ideal medium in which to disrupt an inductive circuit 
for conversion into light. Since an exceedingly thin film (if this 
term may be so used) is a dielectric of such strength that a very 
small displacement results when it is disrupted, and the ether 
being the medium of minimum rigidity closes the “hole” the 
instant it is pierced. Such a medium for such a purpose is al¬ 
most incomparable to air or oil, which becomes volatilized. 

In order to get any oscillations, more sudden rushes of current 


must occui on uiscnarging tnan on charging, and the more nearly 
these equal each other, the quicker the rushes will succeed each 
other. Now, in the case in question, when the tula* circuit with 
its condenser coatings has a certain capacity, tin* self induction of 
the magnet can be so varied that those two will always neutralize 
each other, and then the critical strain on the dielectric requires 
but little energy to cause a discharge, and the circuit being al¬ 
most balanced, the surges follow each other in rapid succession 
through the tube. The surges continue fora longer time, since 
the energy of the discharge is not dissipated in heat, on the air, 
hut is conserved to he utilized in prolonging the existence of the 
oscillations. The use of this vibrator seems to afford the best 
means yet invented for impressing molecular disturbances in a 
tube. 1 he longer the oscillations exist, the more nearly the 
mean oscillation approaches a constant period, and this period is 
practically governable as compared with that of currents due to 
magnetic blasts or heated air currents. The higher the fre- 
quency, the greater the mean free paths of the molecules, be¬ 
cause a less number of molecules will then be required to cause 
a given number of collisions, and the less the number of impacts 
the greater will be the light in proportion to the heat. But, the 
frequency is dependent on the capacity of the condenser, which 
in tiie case of the tube coatings, in very small 

When the self-induction and capacity are properly proportioned, 
and the rate ot the vibrator is the same as the natural period of 
ie coil, or any of it* harmonics, then there is resonance, and 
the maximum amplitude of each impulse will he constant. In 
this case the current flow is at its maximum, hut so also is the 
voltage at the ends of the tube, as well as the quantity of light 

fhe lin^oTf a mm T m ex P enditure ^ e ®orgy. The velocity of 
of force produced by an oscillatory discharge is supposed 
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to be equal to that of light, but its wave lengths are exceedingly 
greater. But this disparity is greatly reduced by the vacuum 
vibrator. This accounts for the intense light in the tube at com¬ 
paratively low potentials, and indicates that nature’s keyboard 
has been struck to the tune of 500 trillions of waves per second, 
and that this rate is maintained by the fundamental mechanical 
vibrations of the vibrator—about 100 per second—a most beauti¬ 
ful demonstration of nature’s wonderful compass. But not only 
is more light produced by the vacuum vibrator than was hereto¬ 
fore obtainable, but there accompanies it many other advantages 
of particular importance. Three of these can be mentioned :— 
first, simplicity and greatly reduced cost of apparatus; 
second, the obviation of impracticable potential, and third, a very 
marked advance in economical production. The first heading, 
simplicity, has already been dwelt upon. Compare an inexpen¬ 
sive magnet, not as large as one’s hand, and a vibrator the size of 
one’s finger, attached to commercial currents; with apparatus 
costing thousands of dollars,.consisting of a high speed alternating 
dynamo of many coils, oil transformers, disruptive discharges 
with magnetic blast, induction coils- and condensers. The many 
seemingly insurmountable difficulties encountered with this 
method, are almost completely overcome by the simple expedient 
of the ether gap. Or, referring to ordinary induction coils, the 
vacuum break affords a means for obtaining from the few turns 
of comparatively coarse wire, results not obtainable with mam¬ 
moth and expensive coils, made of many miles of wire, and cap¬ 
able of creating enormous differences of potential. 

The second heading is essentially a practical one. It has often 
been argued, to the detriment of tube lighting, that since it was 
admitted by its supporters that enormously high potentials were 
absolutely requisite to cause any appreciable amount of light, 
that therefore (and the argument was logical) the whole idea was 
extremely impracticable unless some new insulator be discovered, 
that could cope with the high potentials, so difficult, dangerous 
and expensive of generation and manipulation, as to prohibit 
their use commercially. But with a current endowed with such 
properties as are given it by a vacuum tube vibrator, no new in¬ 
sulator is needed. 

A light'now results many times brighter than that formerly 
due to millions of volts, able to pierce several inches of hard 
rubber, or produce a spark many inches in length, from a current 
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transmitted to the bulb or tube over ordinary flexible cord, and 
whose sparking distance is less than T V of an inch. Neither can 
any shock be felt from such a current. Another example of the 
comparative ease with which this new current can be insulated 
is apparent in the magnets, wound in the ordinary manner, in 
striking contrast with the necessity for expensive and cumber¬ 
some oil transformers. In this light the exclusion of all gaseous 
matter does not seem to be a matter of such vital importance. 

Closely allied with the subject of insulation is that of f requency. 
The higher the frequency, the lower the potential can be, not 
only with respect to light, but also to insulation, because irreg¬ 
ularity in the rate of vibration puts the insulation to a severe 
test. However, the period of the vibrator is not rapid as com¬ 
pared to that of alternating dynamos, constructed to obtain similar 
lighting effects, but resulting in those of lesser degree. The al¬ 
ternations of such a machine are about 30,000 per second, which 
is further increased by a disruptive-discharge coil. This was 
necessary to compensate for the long wave lengths of the current. 
But since these lengths are so much shorter in the vacuum vibrator 
current, an initial frequency one-fifth as great, without the use 
of additional coils and condensers, produces far better results. 
But that an ordinarily constructed vibrator can attain a speed of 
6,000 per minute, may be questioned, when it is remembered 
that induction coil vibrators work at a rate of but a little over 
1,000. The difference lies in the fact, that the vacuum vibrator 
has no air pressure to impede its movements, and also that a 
much shorter space of time is required for a single complete in¬ 
terruption, because the actual mechanical movement can be much 
less, yet cause a complete break, and another cycle has begun. 
The speed of the vibrators is ascertained in two ways : —first, by 
comparing the musical note it produces with that of a pitch pipe, 
and secondly, by a visual arrangement constructed and operated 
as follows: 

A shaft, supporting a wheel with one spoke, is rotated rapidly 
by hand, a series of multiplying gears being used, so that when 
the hand makes one revolution per second, the spoke makes 
twenty. When this apparatus is operated in a room, lighted 
only by a single vacuum tube, the spoke will appear stationary in 
one, two, or three positions, according to the rate of tlie vibrator. 
For example, if the spoke appears stationary in two positions, it 
indicates that it is illuminated twice in a single revolution, each 
image being due to a vibration. 
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Another subject, which has been a serious obstacle in former 
proposed systems, is that of impedance. The fact that the best 
conductors would cease to transmit current, seemed a difficulty 
almost insurmountable ; yet it appears to be almost absent under 
these new conditions. For example, when a large coil is inserted 
in the high potential lead from the armature terminal to the 
tube, the effect on the light is surprisingly small. The result is 
the same, whether the wire be in the form of a magnet, or in a 
long exposed line. But, nevertheless, on account of line losses, 
it is advantageous to prevent condenser action by using a wire as 
small as possible, yet able to stand the strain it is subjected to 
when its insulation is being placed upon it. Although the light 
produced by a single wire is quite good, it is decidedly advisable 
for best results to use a return wire, because the fundamental 
frequency is so low. 

The third subject—economy—is so large, and of such import¬ 
ance that I deem it expedient to make it the subject of a fu¬ 
ture paper when accurate measurements have been made. In¬ 
deed, it is second only—but it is second—to the nucleus of 
the whole investigation, m, getting light. The efficiency of 
the lighting tube is well established, due principally to the 
great amount of light accompanied by so little heat that it has 
by some been called “ cold” light. The temperature of the gas 
within the tube varies with the density of the discharge from 12° 
to 132° 0.; but even this is unproved by the shorter wave 
lengths. These figures are extremely low, as compared with tem¬ 
peratures as high as 3,500° 0., which must be reached by some 
substances in order that the light be white and the spectrum com¬ 
plete. 

Owing to the peculiar characteristics of the current, the line 
losses are materially decreased, and the current flowing through 
the primary circuit is less when the tube is giving light, than 
when it is disconnected. There are almost no losses for motive 
power to disrupt the current, for the magnet is its own motor. 
But the greatest loss has always been in the disruptive discharge, 
—the spark. It is remarkable how easily several horse-power 
can be dissipated in the air through the intervention of a disrup¬ 
tive discharge. In this connection it should be borne in mind 
that magnetic blow-outs and air currents are merely heat dissi- 
pators, and increase the loss, while these losses are entirely ob¬ 
viated by the vacuum vibrator. The current can perform a 
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large amount of work on the air, unlimited in volume, with no 
apparent results; but when this volume is reduced to the compass 
of a small vibrator tube which remains perfectly cool in opera¬ 
tion, does not the question of efficiency assume a different 
aspect ? 

Upon these reasons may be based logical conclusions, pointing 
to an enormous increase in efficiency over that of all other meth¬ 
ods of obtaining light in tubes. 

The theory which has just been considered, of course, is not 
limited to a simple vibrator, but applies broadly to any method 
of interrupting the flow of current through a high vacuum. 
This can he accomplished in a great variety of ways, although 
as far as simplicity of apparatus is concerned, the regular spring 
vibrator, in connection with a single magnet, probably cannot be 
improved upon. 

The first deviation, however, is to use a very small magnet to 
vibrate the armature, and to connect this in series with a larger 
one to furnish the induction. But in these cases the power of 
the operating magnet depends on the current passing over the 
contact points; hence to make the light which is dependent on 
the contact points perfectly positive, the power should not 
be dependent upon them, and separate circuits suggest them¬ 
selves—that is, cause an intermittent current to flow through the 
power magnet that does not flow through the contact points 
of the vibrator, which have in circuit with them the inductive 
magnet. Or the electrodes can be separated by mechanical jarring 
instead of magnetic power acting through the glass. 

If an ordinarily constructed vibrator be attached to any form 
of rapidly oscillating mechanism, the contacts within will he 
opened and closed rapidly. But in order that the light be 
steady, the movements of the vibrator armature must be in step 
with the movements of its mechanical support. This is best ac¬ 
complished by having the centre of the oscillation of the vibrat¬ 
ing armature coincident with that of its oscillating support. 

It is plain that it is unnecessary that the current he inter¬ 
rupted by a reciprocal motion only; a rotary motion is also ap¬ 
plicable. 

Fig. 31 shows a form somewhat analogous in operation to the 
simplest vibrator, except that the rotary momentum of the arma¬ 
ture takes the place of a spring, and the break-wheel which fur¬ 
nishes the light, also acts as a commutator to the simple form of 
motor. 
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Another way of obtaining a rotary motion witliin a vacuum is 
to attach a pendant weight to a ratchet wheel, free to rotate 
upon a shaft attached to which is the brush. Since the shaft is 
rigidly sealed into the glass, it is evident that when the bulb be 
rotated by a motor, the brush will revolve around the break 
wheel. The fault with the device is that the pendulum will have 
a vibration of its own, causing the light to waver. 

In order that the make-and-break devices dependent upon a 
rotary motion be absolutely positive, a rotating magnetic field has 
been utilized. Since the experimental side of these investiga¬ 
tions has extended over but a few months, it is at present diffi¬ 
cult to say upon which of these methods, developed, the system 
will take final form. 

Returning once more to the subject of the light in the tube. 
It is interesting to note, that although the most intense light is 



produced when both of the ends of the tube are connected to 
the electrodes, it is well known that light also results when the 
tube is merely placed near an electrode without actual contact. 
This phenomenon is known as lighting by induction. 

If an inductive circuit, sufficiently powerful to brilliantly il¬ 
luminate a tube four feet long, be transferred to one two feet long, 
there will appear at the center of this small tube a very intense 
thread of silvery white light, which undulates as if it were 
,a material substance. It is interesting to contrast the color 
of the light of these tubes with that of an incandescent lamp. 
The reddish and wasteful glare of the latter, indicating heat 
waves, and the pure daylight white of the former, is immedi¬ 
ately apparent. It is this difference in color that makes an effici¬ 
ency calculation so difficult. It is very easy to ask the question : 
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How many watts per candle-power'?. But in most instances it 
indicates a lack of information on the part of the questioner. The 
question should be: How many watts per amount of light equi¬ 
valent to one candle-power ? But even this is not perfectly cor¬ 
rect, because it is well nigh impossible to compare accurately 
lights of a different color and power of diffusion. When the us& 
the light is to he put to is stated, the problem is much more 
simple. For instance, if it is to be used to read by, the range of 
legibility can be made the basis of comparison between the true 
glow lamp and the candle. This most popular form of illumina¬ 
tion, from the 12th to the beginning of this century, is still the 
standard of illumination, although it is probable it will soon be 
deprived of this honor. I may be pardoned for calling your at¬ 
tention to the remarkable intensity of the light in these tubes, in 
connection with the statements repeatedly made by eminent sci¬ 
entists, that such intensity was an impossibility, and that efforts 
in this direction were comparable to those wasted on perpetual 
motion. It is merely another instance of history repeating itself., 
in that in all times the inertia of the learned has interfered more 
with the progress of science than has ignorance. Be it remem¬ 
bered that the commercial incandescent lamp was an acknowl¬ 
edged impossibility among scientific men, and that by them the 
proposed Atlantic cable was considered foolishness. If there be 
but one lesson taught by our times, it is, condemn nothing mm 
in religion, science or art without thorough investigation, and 
even then be careful, because many suggestions, though of little 
value themselves, have led to great advancement. I t is also well 
to remember that there is almost a creative force in the spirit that 
is earnest and courageous. The light having reached the intensity, 
as you see it in this tube, it is questionable whether much greater- 
intensity is wanted. The vibrator, as applied to the electric bell, 
was the lirst practical application of electric power, and to-day 
we see the sai'ne vibrator in a “new light,” 

The very nature of the light, if it is to be counterpart of the 
ideal-daylight, is such that when a square inch of the surface of 
the tube emits as much light as that thrown into a room through 
an aperture one inch square, the want is satisfied. Then the desired 
illumination can be reached by multiplying the area and length 
of the tubes, and distributing them in the most advangeous man¬ 
ner, that is, so that the light will fall from all directions. When 
a considerable area is to be lighted, the most efficient light is the- 
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one that is most equally distributed. However, there will always 
be a demand for units of light. Even this can be satisfied by 
using a tube of small calibre. This lamp is made by winding a 
small tube in the form of a spiral, its ends, to which the wires 



Fig. 33. 


are attached, terminating in oblong bulbs three or four times the 
diameter of the small tube. 

I have previously stated that the alphabet has been constructed 
of tubes of light. Here are the initials of the body I have the 
honor to address, A. I. E. E., in letters twelve inches high. The 
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delicate shades of these letters cannot fail to elicit admiration 
from all who love the beautiful. 

The principle of breaking- a circuit in a vacuum has many ap¬ 
plications to a variety of uses. Among them may be mentioned, 
advertising signs, decorative electric lighting, electrotherapy,’ 
philosophical apparatus, theatrical effects, in the manufacture of 
ozone, in the kinetoscope, etc., etc. 

But, the greatest field will ultimately be that of general illumin¬ 
ation. You have noticed the tubes extending around this hall. 
Undoubtedly this is the first time that lighting by tubes lias been 
attempted on so large a scale, "ion will note the almost entire 
absence of shadows. 

fiir. 3 2 illustrates what we are coming to in the way of church 
lighting. For some time past everything has pointed to the 
general adoption sooner or later of some such form of illumina¬ 
tion. and since volumes of light can now be produced, and of 
commercial intensity, does it not indicate that already this light 
is a matter for serious practical consideration, and no longer a 
pyrotechnic curiosity t 

But the only way in which one can form a comprehensive or 
appreciative idea of what advance in this line of work really 
means, is to compare the situation of to-day with that, not of a 
hundred years ago only,but with that of only twelve months ago, 
and note the contrast. 


Discussion. 

[Owing to lack of time at the meeting <>f April 22d there 
was no opportunity to discuss Mr. Moore's paper. The follow¬ 
ing discussion took place at the General Meeting May 20th, 1890.1 
Mr. 0. P. Stbinmktz:— Mr. President and Gentlemen. V While 
reading, and afterwards listening to the presentation of the paper 
! m 4 lucent Developments of Vacuum Tube Lighting,” a num¬ 
ber of points occurred to me with which I cannot agree. The 
foremost, criticism which I have to make against the paper as a 
w hole, is the same as that which I had to make only recently 
against another paper, namely, that it contains a number of vague 
claims and statements, without offering any proof for them 
doming now to an analysis of the paper, I find on the second 
page a statement with which I must beg to disagree, namely, that 
the paper represents radical departures in principle, in appar¬ 
atus, and in the nature of the current.” 

I he electrostatic discharge is produced by a sudden change in 
the electric circuit, consisting of a make and break of the circuit. 
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This is precisely the same method used since the early days of 
the Ruhmkorff coil, with the only exception that the interrupter 
is placed in a vacuum. The absence of a secondary coil is not 
new, but not desirable where the primary e. m. f. is very low, as 
a battery cell, as stated on page 95. 

The allusion to the ponderous alternator, oil transformers, mag¬ 
netic blasts, the millions of volts required, etc., is obviously gross 
exaggeration. < 

One disadvantage of this vacuum interrupter, compared with 
the condenser discharge across a spark-gap, has been already 
noticed by the lecturer. While the condenser discharge through 
the spark-gap makes its own frequency, with the vacuum inter¬ 
rupter the circuit has to be carefully adjusted to some condition 
of resonance. That the nature of the current produced by the 
vacuum interrupter does not differ in any way from that of any 
electrostatic discharge,—either oscillatory or steady, according to 
the circuit conditions,—is self-evident. The phenomena produc¬ 
ed by this electrostatic discharge in vacuum tubes, and described 
in the paper, as the luminescence of the conductor and of the 
electrostatic held of force, the diffused glow at a different degree 
of vacuum, etc., have been observed many times before, and 
exhibited with nearly the same brilliancy, for instance, at the 
World’s Fair in Chicago by Mr. Tesla. The use of external 
electrodes in vacuum tubes is old. 

The luminescence of the interior of the spiral in no way con¬ 
tradicts Faraday’s experiment, since the interior of an open 
spiral is obviously not the interior of a charged body, and Fara¬ 
day’s experiment, as is well known, refers only to electrostatic 
charges at rest, but not in motion. 

What cause the lecturer has to claim an irregular period for 
the oscillations produced by the condenser discharge through an 
inductive circuit, I cannot see, since it was with such discharges 
that interference and nodal points of electro-magnetic waves have 
been observed. The wave length of an electric oscillation is not 
shorter if the wave is quicker, as stated by the lecturer. It is well 
known that the period of oscillation is entirely independent of 
the rapidity of the break, and only the amplitude can he affected 
thereby. Thus the conclusions drawn herefrom are erroneous. 

The calculations on page 98, on the counter e. m. f. of the 
ether gap and its particular and radically novel features, are too 
fantastic to pass any scientific scrutiny. 

A number of other statements in the paper are unintelligible, 
as, 66 natural period of a coil,” or u governing the period of 
oscillation”—by the way, through the high resistance of the 
vacuum tube, the discharge is probably not oscillatory at all, but 
steady—or u compensating for the long wave length by a dis¬ 
charge coil,” or the action of return wire, etc. Other remarks 
border on mysticism as, “ striking nature’s key-board to the tune 
of 500 trillions of waves per second,” etc. In general it is to be 
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regretted that a large part of the paper is written in a style 
more befitting a sensational newspaper than a scientific or even 
technical society. 

After criticising what' the paper says, I may add a few words 
regarding what it does not give, but what such a paper, to be 
suited to such a body as the American Institute of Electrical 
Engineers, should give. 

At the risk of being included by the lecturer amongst those 
lacking in information, I must nevertheless raise the alf import¬ 
ant question, “Il'ow many watts per candle power do you 
require”? 

I cannot see any difficulty in determining this. Compare the 
light given in one metre distance by one of these tubes, with 
that of a standard candle, in the Bunsen photometer. The total 
candle power of the tube, to that of, say, an incandescent lamp, 
will be proportional to the area of the surface at one metre dis¬ 
tance from the tube, to the area of a sphere of such a distance 
from the standard candle or lamp, as to give the same illumina¬ 
tion of say 1 cm. 2 of a white surface. Or if you ob ject to the 
difference of color, compare by means of colored screens the in¬ 
tensities, say at the points a, h and f of the spectrum. 

()r taking a more concrete case : The lecture room was illumin¬ 
ated by 27 (Teissier tubes of about 7 feet length and 2 inches 
diameter, instead of 22 incandescent lamps as usually, (Joinpare 
the intensity of the light reflected by 1 cm. 2 , white surface in either 
case, with a standard candle in the Bunsen photometer. This 
will give you an exact measure of equivalence. I should judge 
the (Teissier tube light to be about equivalent to five or six Ifi 
candle-power lamps. Now determine the amount of power taken 
from the supply dynamo. I saw a 74 n. i*. ('rocker-Wheeler 
motor driving the dynamo, and from the hum of the motor it 
seemed to slow down noticeably if the load was thrown on the 
dynamo, and a 74- u. i\ Crocker-Wheeler 500-volt machine 
flashed badly, showing either a defect in the machine or an over¬ 
load. I his does not look like high efficiency. However, a public 
demonstration is not very suitable for "such tests, but they 
should have been made before in the laboratory, and their results 
communicated to us here. Thus, while the paper is very inter¬ 
esting as showing improvements in (feissler tubes, or illumination 
by (feissler tubes, no data whatever are brought forward regard¬ 
ing the only and all important question : “ How does the power 
required for lighting with (feissler tubes compare with that re¬ 
quired for the same illumination by incandescent lamps?” I 
may add in closing that the paper would have been essentially 
improved if all reference to Galileo about the interference of 
the inertia of the learned with the progress of science, etc., had 
been omitted. ‘ ' 

Tiie President: —There is a communication on this subject 
by Mr. J. P. Wintringbam, which will be read. 
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Me. J. P. Winteixgham :—This paper seems to have some 
interesting new matter, but the author has written a little care¬ 
lessly, and I would note two or three lapses. He speaks of the 
counter e. m. f. of the air-gap. The effect is not a counter, hut 
a direct e. m. f., and is due to self-induction, not to the air-gap. 

He speaks of a high frequency oscillating discharge, which 
term has a special technical meaning among electricians, referring 
to the discharge of a ley den jar, etc. 

He seems to deal with a branched circuit, the current of one 
branch being periodically interrupted, the current in the other 
branch being also periodic. There does not appear to be any 
charge and discharge or any oscillation involved. 

What I have said applies to the lamps with two electrodes. 
Some of the lamps had only one, and the tubes were without any 
electrodes. Here there would be condenser action, charge and 
discharge. The question if it is oscillating would be determined 
by a formula put as follows by a very high authority: 

The resistance must be less than 2 A\/ for the discharge to 

be oscillatory. A = the velocity of light, 3u earth quadrants per 
second, or, say, in practical units, 80 ohms. As Z, C and the re¬ 
sistance are not given, it can only be con jectured that the discharge 
may be oscillatory. 

The time of an oscillation would be given by the formula 

T= £ VTc 

As A has a value 3 X 10 10 , any ordinary value of it V L O would 
leave T so small, and the number of oscillations per second so 
large that the number of makes and breaks of the contact maker 
would be of a different order of magnitude and entirely incom¬ 
mensurable with any high frequency effect. 

So the expression, “ when the rate of the vibrator is the same 
.as the natural period of the coil or any of its harmonics’' would 
seem to be meaningless. 

Dr. E. L. Nichols :—I was not fortunate enough to read this 
paper. As regards the probable efficiency of vacuum tube light¬ 
ing, I may say however that we are not absolutely ignorant with 
regard to the efficiency of the Geissler tube discharge. Measure¬ 
ments were made in Zurich by Dr. Staub on the tube itself, in 
which he got the radiant efficiency, which ran very high, some¬ 
times as high as 33 per cent. That means that the spectrum of 
this source is very largely luminous in its character. A few' 
years later Prof. Angstrom made other measurements with the 
Geissler tube, in which he included the losses in the generator 
circuit. The heat lost in a generator circuit of such tube being 
from the very nature of the case large ; where you use an in¬ 
terrupted circuit you may expect that. He found as a result of 
bolometric measurements that while the radiant efficiency some- 
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times reached 90 per cent., that only about eight per cent, of 
the energy expended in running such a tube was converted into 
light. This would seem to indicate that vacuum tube radiation, 
if produced by the means at, present known to us, or, at least, 
by the means used by Prof. Angstrom, is not likely to lie found] 
of extremely high efficiency, tn order to secure a vacuum tube 
discharge which shall be of very much higher efficiency than 
other electric lights, you have got to devise some means of 
generating that discharge whidi shall be free from the losses 
which exist with any ordinary make and break apparatus. 

Me. Stkinmetz: —About a year and a half ago I experimented 
somewhat in the same direction, and tried to measure the power 
consumed by (feissler tubes. While these tests have never been 
completed, due to more urgent work, I noticed that the 
efficiency of the Geissler tubes apparently depends to a large 
extent upon the frequency. With very high frequency, as fry 
oscillating currents, the vacuum tube" gave quite a noticeable 
amount of light while remaining perfectly cool. With a fre¬ 
quency of ordinary machine currents, however, when gi ving about 
the same amount of light, the tubes became noticeably warm. 

Me. L. M. Ptnouet :—In the absence of Mr. Moore, who is 
detained by sickness, I wish to explain that the slowing down of 
the motor, which has been referred to, was not caused by an 
overload but was due to the fact that the motor was run with 
the resistance of the starting box only partly cut out. Measure¬ 
ments made the night following the lecture, showed that the 
magnets with their vibrators took about one eighth of an ampere 
each, at a pressure of from 450 to 500 volts. Since then a change 
has been made in the apparatus which has reduced the current 
consumption to about one tenth of an ampere. In making these 
measurements, it was noticed that the brightest tubes took the 
least current. 

Prof. Anthony :—I would like to know exactly where the 
ammeter was placed when these measurements were'made ? 

Me. Pinoi.kt: —It was placed in series with the vibrator and 
its magnet; whose current was to be measured. 

Mr. N. TV. Pkkry :—The statement that he was present when 
the test was made showing a consumption of energy in those 27 
V tubes being exceedingly small is interesting. I saw a gentleman 
present here a little while ago who I think could tell us just 
what the results were that were obtained and how the tests were 
made. 

Mb. Wolcott Mr. Moore told me last night that he took 
about forty watts per tube. 

The President:— Do you know how many tubes there were 
at the Institute meeting.' 

Me. Pino cut : —Twenty-seven. 

Mr. Wolcott: —In justice to Mr. Moore I will say that lie 
lias since succeeded in getting a much better quality of light 
than that exhibited before the Institute. 
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Mr. Carl Herikg: —In connection with this light, the question 
is often asked, how many candles are generated per watt. It seems 
to me that it is not quite right to put the question in that form, 
if it is intended to make a comparison with other forms of elec¬ 
tric lighting. I agree with Mr. Moore in his statement that it is 
not altogether a question of watts per candle; the real question 
is, how much energy does it take to light up a given room with 
this and with the other systems, so that the effect is the same to 
the human eye. Except for photography, we generate light so as 
to be able to see, and therefore if the effect on the eye is the 
same, it does not make any difference to us how many candles of 
light there are generated in that room. It is well known that if 
a certain amount of flux of light is all concentrated in one small 
point, it becomes glaring and dazzling, and the retina of the eye 
contracts, thereby limiting the amount of light admitted into the 
eye, while if that same amount of light were distributed equally, 
as for instance when reflected from white walls or emitted from 
the surface of lai-ge Geissler tubes, it would have a much better 
effect on the eye, and would produce what would be called a 
much better illumination. 1 therefore do not think too much 
stress ought to be put on merely the number of candles produced 
per watt in this system, without also considering the very im¬ 
portant factor of the distribution. 

Mr. A. E. Kennelly : — Mr. President: It has given me great 
pleasure to witness the distinct advance that Mr. Moore has made 
over the Geissler tube, in the production of light by high tension 
discharges. This is a direction in which advance may "be looked 
for, and in which we may hope that success will ultimately be 
achieved. Yet I think we should face the facts as they are, if 
only for the sake of having an accurate criterion as to "how far 
progress is made, and I think we should face the question as to 
how much light is produced for a given quantity of power. Of 
the forty watts which are said to be supplied to one of Mr. 
Moore’s tubes at the present time, we cannot believe that all are 
expended in light. It would seem probable that most of it 
would be expended in exciting the magnet wdiose discharge pro* 
duces the light, in the same way that a fifty-candle power lamp 
absorbs fifty watts to j>roduce a relatively small activity in visible 
light. The fact that the tube occupies an extended space and 
offers an extended surface, does not really come into the ques¬ 
tion. What we want to know is, how may units of light are 
produced from this tube, considered as a source of light, for the 
alleged forty watts which are supplied to it. That is a perfectly 
definite question capable of a perfectly definite answer, and if 
that answer can be given to us at the present time it will at least 
afford us a valuable criterion of the advance which Mr. Moore 
has made in the art of Geissler tube lighting. 

Mr. E. E. Hies :—I coincide perfectly with what Mr. Hering 
and Mr. Kennelly have said in discussing this new method of Mr. 
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Moore’s, that it is not proper to compare it with existing stand¬ 
ards of candle-power; that is to say, with systems of concentrated 
lighting to which we have been heretofore accustomed. The 
new system operates by diffused light; that is, a lesser intensity 
of light, given forth by a larger emitting area. Now, if it can 
be shown that the luminosity given by this method to an apart¬ 
ment or room is sufficient for practical purposes, that is, for 
the purposes of reading or working by, at a fairly economical 
cost, it will denote that a considerable advance has been made. 
I do not think it wise for the members of the Institute to con¬ 
demn a new invention at the outset, simply because it lias not 
arrived at that stage of efficiency which, if the theoretical prin¬ 
ciples underlying it are true and correct, it will probably eventu¬ 
ally attain. All methods of artificial lighting are more or less 
inefficient. We have to spend a great deal of electrical energy 
in producing waste, either in the form of heat or chemical action, 
or both, in order to get some light. In the incandescent electric 
lamp a large waste of energy occurs, and in other sources of 
illumination similar wastes takes place. It is possible that in the 
vacuum tube system the waste incidental to the excitation of the 
magnet, and the other losses due to the resistance of the air-gap, 
etc., which appear to be the seat of the principal losses in this 
case, may eventually be minimized. I think it well to defer giv¬ 
ing a hasty decision until that point can be determined. 

If 1 recollect rightly, some years ago I saw a statement to the 
effect that Mr. Moore had been experimenting on a make-and- 
break in a vacuum containing a vibrator very similar to this, for 
the purpose of producing a regulating socket or controlling 
device for incandescent lighting by intermitting or interrupting 
the flow of current passing through the lamp filament more or 
less frequently. The method itself was not new, but the means 
of accomplishing it—that is, the making and breaking of the 
circuit in vacuum—was new. I am very glad to know that from 
that initial starting point this later achievement in tube lighting 
has been evolved. It is another one of those curious instances 
where an inventor originally starting out on one line of investi¬ 
gation discovers, turns up and develops something; in an entirely 
different direction. I hope that future developments in this re¬ 
spect will show that something valuable may be expected from 
this new method of lighting. 

Me. Steinmetz : — I must protest, Mr. President, against the 
imputation that anyone wants to condemn this paper. What we 
want is to get exact data and not mere general statements. 
What we condemned was the entire absence of numerical data in 
the paper. 

Me. CaelHeeing: —We know the arc light is* much more 
efficient in candles per watt than the incandescent light, vet we 
use the incandescent light, because we can distribute 'it. “ It is 
possible that even if in the light under discussion the amount of 
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energy required per candle power is greater than in the incan¬ 
descent light, it might nevertheless be a more economical way of 
illuminating a room. 

Mr. Perry That brings up another point. I think all of 
us who saw that exhibition were guessing as to how many incan¬ 
descent lamps distributed judiciously through the hall would 
enable a person to read with equal ease. All the guesses that I 
heard gave a very small number. Mr. Bering’s point was that 
the larger surface ought to give us better results. That is so, 
and measuring by incandescent lamps would not be unfair to the 
lamps and favorable for the tube. The only data we have as to 
the power consumed in those tubes was the behavior of the gen¬ 
erating apparatus. There are a great many who saw those 
instruments work. I could see the motor part of the time, and 
the rest of the time I could hear it, and my impression was that 
there was not less than ten horse power generated. If we hear 
a 7£ h. p. motor laboring as that one was, it is a pretty sure in¬ 
dication that energy is being generated, and this must have gone 
somewhere. If we divide it up among those 27 tubes and it 
gives no more diffused light than a comparatively few 16 candle 
powder incandescent lamps then it would seem to indicate that the 
light was a very expensive light. 

Mr. Kennelly : — While 1 agree in some respects with the 
last speaker, I think that matter ought to be viewed from a 
somewhat different standpoint. we have here a new means of 
electric lighting. I do not suppose that anybody thinks the 
method has advanced to a practical stage. That is not the ques¬ 
tion at present. The question is, what is the possibility of this 
means becoming better in the future? In that point of view it 
becomes of interest to know just how the facts stand. These 
tubes produce light, and the light is capable of being measured. 
They absorb power that is capable of being measured. At the 
Institute the other night, by an arrangement of white screens 
behind the tubes and gauze above them, an illuminating effect 
was produced in the hall. But we want to know how much 
light these tubes produce for a given quantity of energy. We 
shall then have something by which to judge of future progress. 

Prof. William A. Anthony:— The candle pow r er is simply 
a measure of the flux of light, whether it comes from a 
small point or a large one. If w r e hang up the arc light, 
what we observe is the illumination upon a little screen within 
the photometer carriage, and we make that illumination equal to 
that of the standard. There is no change in the size of the 
retina here. The brilliancy of the arc lamp does not directly 
affect the eye. But we compare its illumination on a screen, 
with the illumination of another source of light and so measure 
the intensity. The fact that we cannot use the arc lamp itself 
with the same efficiency in illuminating a given space that 
we can a smaller source of light, has no bearing upon this 
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nmnt that I see In the case of illumination by means of these 
tubes the tubes present a large surface. It, may present ad- 
„ recsrds the distribution, but that makes no difference 
JSXIS of -die power per watt. Ie ™ f rd •„ the 
results the other night at the Institute meeting, I took pains 
6 1 -i . tiwr tnhes were being used to observe how well I could see 
7 15 nnd ir ed to compare that as well as I could with the 

ease with which I could read by means of tlie incandescent lamp 
When the tubes were in use it was certainly very much more 

Iffic l to read than when the usual lamps were employed for 

r i+• +i,£. i,oii 1 think that was evident to everybody. How 

hghting the l { w t ga When the one large 

i ar „ (J r „i,r with u reflector behind it, 1 could see to read nearly 
^ ,, oa i „„ +i, e reading lamp that was used on the desk was 
turned lund afit sometimes was, towards the hall. I was not 
able to see as ’well by the one large tube as I was by that single 
readinglamp That, it seems to me, is a fair comparison of the 
lhiminatum power of those two sources, and it is exactly what 
" wont to l know about,. The absence of such information is 
what we are criticising in Mr, Moore’s paper. Mr. Moore has. 
f-ertainlv done a great deal, and has made a great advance in 
ti?nr»/tuhe IWitincr lie 1ms accomplished something that we 
S before. But al the same time we would 
to know ^ust how much light he will give us per unit of 

“7if the photometer to not for the purpose of 

wasted if when we 
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candle power so much as the amount of eneigy requir P 

<iuce the required light, or more pro.perly® ^bLb 
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with an expenditure of one horse power of mechanical energy, 
we will, hy expending the same amount of energy, be aide to get 
at the most, about 200 candle power out of a number of "mean- 
descent lamps, yet because the latter are only one-tenth as ettsei- 
ent as the arc lamp, that is no reason why we should dispense 
with incandescent lamps, nor do we dispense with them upon that 
account. In the case just cited, we sacrifice a good deal in effici¬ 
ency for the sake of subdivision and better distribution of the 
licdit, and it seems to me the vacuum tube method holds forth 
the promise of a still further refinement in this direction and in 
all probability at a far less sacrifice of economy. If vacuum 
tube Inditing 'can be brought in the future into commercial use 
for the lighting of the interior of rooms it will have a field 
peculiarly its own. It will not drive out the electric are light 
or the incandescent light, hut it will open tip a new field tor 
ornamental and decorative lighting effects where intense lumin¬ 
osity is not required, and it is perfectly conceivable that with 
a satisfactory means of vacuum tube lighting, which of course 
is not concentrated like that of the arc and incandescent light 
hut is capable of a more uniform, and for many purposes a 
more desirable diffusion, a great many practicaluses.maybe found 
for it. From that point of view I say that it is not so much a 
question at the outset to criticise Mr. Moore s new method, m 
his improvement in the Geissler tube method simply because at 
nresent from our lack of information, we have not the data 
which shows ns exactly what it will cost. If the cost i* lea^on- 
a bie_even if it should be greater than the cost of incandescent 

ffiirlhS S, f * *£? SeTafer fromth? 

Xihe members hare all taken 
the stanTof the efficiency of .hit light is that the* paper spoke o 
the incandescent light a* very wasteful The idea 

If ‘ H “f^f KrToote • - 

power he can produce, why, we obtain a cutenon in 

can measure his success. Moore would have the 

Mb. Howell -.-ldoiot think M f abou t this . I do not 
slightest objection to tolling us ail ne ^ & question 

think he would have any obj . There is one thing that 

that has been asked here today J 0 ?*‘h has nof teen 

was brought out hy Mr. Moor in color between the 

touched upon, and that is the d“^ht. You will remem- 
. «tK alongside of it h,s 
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x ,„ tc> flip difference in color, stating it was 

reading light, to i ■ ‘ ' ', . j e ]was very much superior 

Ms belief t bat the, co terJ »“'“[f- M my imp J ,. e ,sio„ that the 

to that oi the inc 1 n an *<] that the whiteness, or greenness as 
color was a veiiy P - J asa V erv great disadvantage to it. I 
[ called it, ot the ? whitish li<dit has been shown by 

think the disadvantage of thaMvlutisn l^rt 

Dr. Bn-chmore in a of differe nt colored lights upon the 

in which he s - fi i> 0W ino‘ that the rays from the violet end. of 
retina ot the ev, footed the pupil very much more than 

th« e«d „lXV*rL. The »,,«< 

“S 1- mite between hie light ml the other ™ a strong 

”>• W. AonW 

like to hear from him. President and Gentlemen : 

Mb. 1). Mo*Wj .f " ‘^difficult for me to make myself 
Owing to a bad cold it , , )t edlv only he reached when 

heard? The ideal light w I n Wch is the same 

we cim ?7 d X^^cttlod of vacuum tube lighting was ex- 
as daylight. 1 . , > „jL ti! tk vneeting, improvements have been 

hibited at the last ^’this* moment tubes with a 

made in it so that ca 1 , , method is the only one 

daylight spectrum. Ihc v umm *\ ^ to pro dnee a light 
which presents itseli toi ou > t r davlieht,—a light 

which will he anywhere near a 1 ^ to efficiency, 

which will be radiated il0 “ , *1 paper was presented merely 

of course it was understood that PJPJ'™ P nade . In order 

to call attention to the advam ?' T ^ ust understand how very 
to appreciate that advance, < l - , ine thods have been. The 

inefficient, previous u ^ d ^"J d ^ odly a device which has greatly 
vacuum vibrator is undou.Y ■ over previous systems, 
improved the economy of - h <de( .t- r ic circuit in the open 
Previous methods used a d current which would have 

air in order to produce the^eco daiy ^ in the tube 

certain properties necessaiy h> P™Jl i ^ fe break came into 

and cause the light. ln all d ly J h(> has experimented with a 
the system somewbeiu Any > > y remarkable how much 

break in the open air knows that »^/ am0Tmt of power is dis- 
energy can be wasted. A , w ] ien that arc is placed m 
sipatcd in the open air hreal . , : t it j s apparent without, 

a vacuum which remains pet Ac, y r( ? Bul 4 an enormous saving, 
any further discussion tha ■ ,. p pas been referred to, the 
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anything getting out of oidc • , j range of legibility. T hat 
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observations—those of Prof. Angstrom—comparisons were made 
between the luminous radiation, produced in a Geissler tube, and 
the total amount of energy electrically measured necessary to 
generate that light in the tube, the efficiency in such tubes thus 
tested wasabouteight per cent. This second quantity, which would 
seem to limit the total efficiency of the Geissler discharge at less 
than ten per cent, is a question of course of the method of gen¬ 
eration, and if you can reduce the loss in the outside circuit then 
the luminous efficiency may be greatly increased. 

Me. Wolcott : — Even at ten per cent ? 

Dr. Nichols:— You have to divide that by the fraction of 
light-giving energy in it. 

Prof. Anthony: —It seems to me that a good place to put a 
voltmeter and an ammeter is in the circuit that drives the motor. 
If we put the voltmeter and ammeter in the circuit which drives 
the motor, then all question as to the measurement, by means of 
the ordinary instruments, of this extremely fluctuating current 
that goes into the tube, as to whether that"gives us an accurate 
measurement or not, would be disposed of. 'We could tell then 
very nearly what amount of energy is required to operate the 
tube. 

[At this point the President requested Vice-President Stein- 
metz to take the Chair.] 

The Chairman : — I observe that Mr. Wetzler is present and 
some of the gentlemen have expressed a desire to hear him on 
this subject. Will Mr. Wetzler favor mA 

Mr. Joseph IVetzler: —The tests made by myself on Mr 
Moore’s apparatus were carried out as follows:' A Weston direct 
current milliammeter, a shown in Fig. 33, was placed in series with 
the inductance coil employed by Mr. Moore, and the potential 
was measured by a Weston alternating and direct current type 
voltmeter, v, connected directly across the leads. The results 
of one set of tests was as follows:- 
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In other tests which I made I found some tubes that gave 
much lower watt readings than any of the above; thus one read 
as low as 30.5 watts. The above results may therefore be con¬ 
sidered a very fair average. No special preparation, so far as X 
am aware, was made for these tests by Mr. Moore, and all were 
taken in his Exposition booth while the apparatus was being 
shown publicly. 

Mu. Eies :—I should like to ask Mr. Wetzler what was the 
length of that tube on which the 42.5 watts reading was taken ? 

Mu. Wetzler: —All those tubes were about seven feet long. 
In fact they were the same tubes that were used at the Institute 
lecture. No measurements were made on the illuminating power 
of the tubes. They were all in good condition except the one 
which I have referred to as a bad tube, which was evidently 
lacking in brightness. 

Mr. Eies :—Then one of those seven-foot tubes took practically 
aS ^ llc h ii en er ^.y as an ordinary 16-candle power incandescent lamp ? 

Mr. Wetzler: —Yes sir. 



Mr. Moore:— I believe it was stated by somebody before 
i arrived, that the motor appeared to be overloaded. It is (mite 
remarkable, when you consider all the motor experts there were 
at that meeting that every one presumed that the motor was 
overloaded, and it only shows liow unsafe it is to be too sure of 
anything. When the dynamo field rheostat arrived it was 
found when it was connected in circuit that you could turn its 
handle all the way on or off without affecting the voltage in the 
s lghtest degree. Iherefore, it was a useless piece of apparatus, 
and it was not used. The motor starting box had seven points 
for varying its resistance. Now, at no time during the evening 
were more than three points cut in, in the motor starting box; 
and I think most of the time only two. Of course, anybody who 
is familiar with this kind of apparatus knows very well that 
wiien you have a motor with only two-sevenths of its starting 
box cut out when you put a slight load on it, it will lose its volt- 
tmT Nu f a . s d , ie whole truth of the matter. Of course if 

anrl 2'5^?* tu ™ ed y® starting box all the way around 
and cut it all out then it would have been all right as it was the 
Toil owing night. 

Dr. S. S. wheeler :—I attended the Institute meeting at 
which the new light was shown, and I thought T noticed a 
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squeaking, indicating that the belt between the dynamo and 
the motor was slipping. I would like to ask Mr. Moore about 
that. 

Mr. Moore *—Dr. Wheeler must have been mistaken. A 
number of men who are competent to know how tight a belt 
should be stretched, all agreed that the belt was all right. It 
worked perfectly, merely by throwing the resistance of the 
starting box out. 

PiiOF. Anthony :—During one stage of the experiments 1 
knew the motor starting box was not all cut out. That was 
when the first.attempt was made to start up the tubes for lighting 
the hall. Later I saw the assistant go and turn it out, and I sup¬ 
posed it was fully turned out; I feel quite sure that it was. In 
regard to the laboring of the machine, it was not the laboring of 
a machine that was working with the starting box partly turned 
on, but it was the laboring of a machine that was overloaded. 

Mr. Moore: —In response to that I must say that Prof. 
Anthony is entirely mistaken. I have the very best evidence to 
show that that starting box was not entirely cut out. I know 
that the following evening the apparatus worked perfectly and 
on several other occasions. Indeed it is working perfectly now, 
or was a few days ago before the motor was changed. 

Mr. Kenntolly :—Fortunately it is not a matter of any con¬ 
sequence, gentlemen, whether the motor was overloaded or not. 
If these tubes take from 4-0 to 00 watts we know they will give 
their regular complement of light with that amount of power. 
Therefore, we can fortunately consign to oblivion the question 
whether the motor was overloaded or not. 

Prof. Anthony :—I don't feel so sure of that. 

Mr. Wktzler: —I would like to shite that the measurements 
were made with two different types of instruments and on differ¬ 
ent days. One was a direct reading ammeter, and the other was 
an alternating and direct reading type of Weston instrument. 

Prof. Anthony I am not certain that in that interrupted 
circuit any of those instruments will properly measure the 
energy consumed. The sort of current that is obtained by that 
interruption is something totally different from any alternating 
current, and it seems to me that it may very well be that the 
voltmeter and the ammeter would not measure truly. 

Mr. Perry I have felt the same way that Prof. Anthony 
lias, that neither the direct nor the alternating current measuring 
instruments would be likely to give us results which would not 
be open to some question. There is another question that 1 
would like to ask Mr. Wetzler. I think he stated somewhere 
that the total number of tubes consumed a given total amount of 
energy. I think I saw that in some editorial of bis. 

Mr. Wrtzeer:— I do not recall the exact language. 

Mr. Perry :—I understood these tubes were each on a separate 
circuit. Now, were the tests of all the tubes made on instru¬ 
ments simultaneously or under what conditions ? 
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Me W etzlee :—While all the tubes were operating I tested 
one of them at a time. Each tube being on a circuit of its own 

I would naturally measure one at a tune. . , . ^ 

Me. Gael Heeing -.—Perhaps a voltameter might be a much 
better instrument for such currents than an amine , ’ 

simnle Edison meter might answer the purpose. 

Me. Moos* Mr. Wetzler has told you that he «ieasured 
but one vibrator at a time. I measured a number all at the 
same time, and found the current consumption proportion¬ 
ately the same. With reference to Prof. Antbonv, he seems to 
be determined that that motor was overloaded. 1 niay be awe 
to help him out in that matter. As is well known, when a 
motor under those conditions has a load placed upon it of course 
Twill drop in its speed. Thee the dynamo may drop from 450 
down to less than 100 volts and of course the vibrators would 
ston vibrating, and the moment they do that, there is a short 
circuit through the coil and immediately the amperage would 
run up enormously. So that may well explain why the motor 
appeared to be overloaded. The fact of the matter is, however 
that it never was overloaded. I wish to state once more 
this matter of efficiency is absolutely secondary I was able to 
ifght up a hall, the first hall in the world to be so lighted. I 
have placed my work before you claiming an advance m the 
art irrespective of the question of efficiency, although I have 
nothing to be ashamed of in that direction, m fact the opposite. 


[Communicated Aram Adjournment by Prof. Anthony.] 

The doubt which I expressed in the discussion at the meeting 
in regard to the truth of the indications of the Weston instru¬ 
ment when used to measure interrupted circuits was, set ahest by 
experiments I was able to make on Wednesday evening aftei the 
meeting of the Institute, and of which 1 gave an account 1 
report to Mr. Moore which is printed m full below. 


m a 


, Mow 97 


D. McFarlan Moore, n , 

Dear Sir :-On Wednesday evening, May 20th, in company with 1 iol. 
E I, Nichols and Mr. Nelson W. Perry, 1 made a test of the power absorbed 
by the vacuum tube light in your exhibit at the Electrical Exposition, with 

results as given below: , . , , 

A Weston ammeter was placed in the circuit leading to the motor used for 
driving the generator which furnished the current for the vacuum tubes, and a 
Weston voltmeter was placed across the motor terminals. These instruments 
were read at frequent intervals, while one of us in the booth below noted the 
time of turning on and off the light. Comparing notes, we found that when 
the tubes were all off, the motor consumed 12.5 to 13 amperes at 110 volts as a 
constant load. When the tubes were all on, the motor consumed 22 amperes at 
108.5 volts. 
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The motor therefore comsumed, when tubes were not running . .1400 watts. 


When tubes were all running..2380 41 

Due to tubes..... 080 


There were in operation 14 tubes, 74 feet long, If inches diameter, 1 tube 
somewhat shorter but 2£ inches diameter, and a few tubes of special designs. 

We estimated that the whole was an equivalent of 16 of the 1?| inch tubes. 
This gives 61 watts per tube applied to the motor terminals. Assuming that 
80 per cent, of this energy was delivered to the tubes from the generator termi¬ 
nals, the power consumed by each tube is 49 watts. 

This is practically the result obtained by Mr. Wetzler by direct measurement 
of the energy consumed by the tubes, and disposes of the question raised by the 
writer as to the reliance to be placed upon the indications of a Weston ammeter 
in circuit with a vibrating interrupter. 

The only question now is, as to the intensity of the light obtained. Of this 
it was impossible under the conditions to make any reliable estimate. Our re¬ 
sults simply show that the light of the vacuum tubes, as exhibited in your booth 
at the exposition, is obtained at an expense of a little more than one horse 
power. 

The instruments used in making these measurements were kindly loaned for 
the purpose by Mr. Pionnie in charge of the Weston Electrical Instrument 
Co.'s exhibit, who gave us his assistance in making the necessary conneet- 
tions and in taking readings. 


W. A. ANTHONY. 




AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS. 


Annual Meeting. 

New York, May 19th, 1896. 

The Annual Meeting of the Institute was held at the New 
York Industrial Building, corner Lexington Avenue and lord 
Street, May 19th, 1896, and was called to order by President 

Duncan at 4 P. M. , + v 

The Pebsident.— The first business in order will be the 
appointment of two tellers to count the ballots I will appoint 
as tellers Mr. Townsend Wolcott and Mr. Wm. J. Hammer 
The next thing in order is the report of the Council and the 

report of the Treasurer. , , . 0 

The following reports were then read by the Secretary. 

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


Report ok Council for the Year Ending april 30TH, 1896. 

As required by the Constitution, the Council submits for the information 
of the membership a report of the work of the Institute during the past 

y< The Council has held ten regular meetings and one special meeting at 
which the average attendance has been ten. The General Meeting o 
Institute was held at Niagara Falls, June 25 th to 28 th. 

In compliance with a request, by petition, of twenty members and assoc- 
iate members,residing on the Pacific Coast,Prof F. A, C. Perrineh as bee n 
appointed Local Secretary for that region. In this capacity, Prof. Perrme 
has rendered efficient assistance in caring for applications for membership 

received, from th&t district. - 

Upon his election as a manager, last year, Mr. B. J. Arnold deemed it 
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advisable to resign the office of Local Honorary Secretary at Chicago and 
Prof. W. M. Stine was appointed to fill the vacancy. 

In compliance with a request from twenty members and associate mem¬ 
bers. a committee was appointed to submit a new design for a badge 
which would meet the approval of members and be more generally 
worn by them A design has been prepared under the direction of this 
committee and will be submitted for consideration hereafter. 

The amount of time consumed in the counting of the ballots at the annual 
election led to the appointment of a committee, of which Mr. James Hamblet 
was Chairman, to revise the rule governing this procedure. The report of 
this committee was received and referred to the Committee on Incorpora¬ 
tions, as other amendments to the Rules were under consideration. 

A Committee on Incorporation, of which Mr.W.B.Vansize is chairman, was 
appointed in December, to consider the incorporation of the Institute and 
any changes in the Rules that might be necessary. The whole matter was 
carefully investigated and the Institute was accordingly incorporated 
March 16 th, 1896 , under the laws of the state of New York. The new Con¬ 
stitution, amended as was necessary in order to conform with the State law, 
has been printed and distributed to the membership. This action was 
taken in accordance with the following resolution adopted at the meeting 
of Council January 22 nd 1896 : 

“ It is voted that the President be directed to call a special meeting of 
“ the Institute to consider a proposition to incorporate the Institute under 
“the Membership Corporation Law of the State of New York. (Laws of 
“ 1895 , Chap. 559 , Section 5 .)” 

This meeting was called for February 26 th, at which the Council was 
authorized by a unanimous vote to proceed with the work of incorporation. 

The Council appointed Dr. Francis B. Crocker a delegate to represent 
the Institute in the National Conference on Standard Electrical Rules 
which was held in New York City, March 18 th and 19 th. This conference 
resulted in a permanent organization in which the Council subsequently 
voted to continue the representation of the Institute for one year, with 
Dr. Crocker as its delegate. 

The National Electrical Exposition Company having extended an invita¬ 
tion to the Institute to hold its May meetings in the .Industrial Building, 
the proposition was accepted by the Council, and the Secretary was in¬ 
structed to secure the necessary facilities. 

The total membership at the close of last year’s report was 944 , classified 


as follows : 

Honorary Members. 2 

Members... *••* . 281 

Associate Members... . 661 

944 

Associate Members elected May 1st, 1895, to April 30th, 1896.. 143 

1087 

Restored to Membership......•.. • .. 3 

Total.. io 9° 
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The following resignations have been received during the year, and 

J. P. MAGENIS, 


.accepted as in good standing . 

J. MURRAY MITCHELL. 

F. S. CALDWELL, 

R. L. SELDEN, JR-, 

M. G. STRATTON, 

H. H. EUSTIS, 

C. E. STUMP, 

E. H. ROGERS, 

B. W. COLLEY, 

J. A. BARRETT, 

Total resignations 


C. E. POTTS, 

F. G. WATERHOUSE, 

C. GESSEAUME, 

G. W. MANSFIELD, 

F. W. CUSHING, 

H. HOLLERITH, 

J. P. McKINSTRY. 

... 17 


There have been the following deaths during the year : 

FRANKLIN LEONARD POPE, HOLBROOK CUSHMAN, 

HENRY W. FRYE, W - T ‘ M ‘ M0TTRAM ’ 

WILLIAM BOAR DM AN TOBEY. 


'1'otal deaths. 5 

...... 16 

Dropped as delinquents.. 

Elections cancelled. ^ 

Elected but not qualified.. 

55 


*035 


Leaving a total membership of 103 s on April 30 th, 1896 . (a net gain of 91 ) 
classified as follows : 

. 2 

Honorary Memoers .. . 333 

Members. . .*. 7 oo 

Associate M embers... . 

1035 


A list of the members elected during the year accompanies this report. 
The names are printed in the Transactions. 

The reports of the Secretary and of the Treasurer, show in detail the 
financial standing of the Institute at the close of the fiscal year, together 
with a detailed statement of receipts and expenses during the year. 


SECRETARY’S BALANCE SHEET. 

For Tub Fiscal Year Ending April 30, 1896. 


Dr. 

Tobalance from 1894.$ 15 ao 

Receipts for the year. IX ' 2( >7 1 ° 

11,383 to 


By cash to Treasurer. 

Secretary’s Balance on hand 


Cr. 

111,262 90 
20 20 

11,283 10 
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ITEMIZED STATEMENT OF RECEIPTS AND EXPENSES OP 
THE INSTITUTE. 

For Fiscal Year Ending April 30, 1896. 


Genera l Account. 


Receipts, 

Treasurer’s Balance from previous year $186 28 


Secretary’s “ “ ‘ “ 15 20 

Typewriting. 8 25 

Entrance Fees. 660 00 

Life Membership (A. E. Kennelly, J. 

Bijur, R. R. Harvey, J. Stanford 

Brown). 4°o 00 

Past Dues. 694 16 

Current Dues. 7,903 *3 

Advance Dues. 205 00 

Electrotypes Sold. 191 21 

Transactions Sold... .. 397 76 

Transactions Subscribers. 175 00 

Advertising. 144 45 

Received tor Binding Transactions.... 33 63 

“ “ Badges . 149 08 

“ “ Certificates. 58 10 

u “ Congress-Book;.. 212 13 

Reprints Vol. 4. 36 00 



Total, $11,469 38 


Expenses. 

Repairs. $5 70- 

Incorporation. 11 05 

Extra Clerk. 5 75 

Chicago Meetings ... 111 cx> 

Library.. 2 30 

Directory. 7 50 

Ice. 8 35 

Duties. 2 60 

Engrossing Resolutions. 26 00 

Laundry. 6 75 

Office Expenses. 25 53 

Office Fixtures. 42 60 

Express. 53 64 

Telegrams. 4 45 

Stenography and Typewriting. 987 75 

Stationary and Miscellaneous Printing. 912 56 

Postage. 679 33 

Messenger Service. 5 48 

Salary Account.3,499 98 

Meeting Expenses. 390 39 

Rent of Office and Auditorium.1,200 00 

Engraving and Electrotyping. 655 96 

Publishing Transactions.2,972 qi 

Binding Transactions and Periodicals.. 28093 

Paid for Badges. 165 00 

Paid for Certificates. . 28 25 

Congress Book. 11833 

Secretary’s Balance ro next year. 20 20 

Treasurer’s “ “ “ “ 239 99 


Total, $11,469 38 


The outstanding current bills against the Institute, April 30, amounted to , $769 13 
Due the Institute and collectible probably. 674 80 


Property in New York City according to inventory, May 1, 1896. 


Office furniture and fittings 

Transactions on hand__ 

Congress Books. 

Library. 


$187 75 
1,226 00 
8x9 00 
200 00 


$2,432 75 

Of the above, there has been purchased during the year, office fittings 
amounting to $25.50. The inventory has been made at a low valuation and 
does not include the Transactions of 1895. 

The indebtedness of $2,511.29 brought over from last year, has been paid, 
as well as all bills of the current year up to April, being all that were in 
hand at the last meeting of the Finance Committee, excepting one of $30 
held for cause, and another of $208.33 not due until May. The payment 
of these old bills necessarily carried over, makes an apparent increase in ex¬ 
penses over previous years. 

Respectfully submitted for the Council, 

RALPH W. POPE, 

Secretary, 
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1896 ] report of treasurer. 

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 

New York, May 19th, 1896. 

treasurer’s report. 

From May i, 1895, to May i, 1896. 

ft-voRGE A. Hamilton, Treasurer, in account with 

American Institute of Electrical Engineer• 

Dr. 

Balance from May, ..* , ^ lH 

Received from Secretary, May 1, 1895 to May 1, 1896.• xt> *_ ' ' . 

Cr. 

Payments from May 1, 1895^0 May 1, 1896, on warrants from 

Secretary, Nos. 618 to 759, inclusive.$xx W U) 

2 M CIO $1 *, 44 <) tO 

Balance to new account. . .:. : 

Balance on hand, General tund. May x, 1896. **** .O I 




BUILDING FUND. 

Balance as per last report. 

Interest accrued to May 1, 1896, 3 per cent, to May 14, 189a 
and 2 per cent thereafter. 


$93') 4 ; 'i 


Cash book and warrants herewith for audit. Vouchers are in the hands 
of the Secretary, to whom they are returned for tiling after payment, 

GEORGE A, HAMILTON, 

Treasurer* 

New York, May 19th, 1896. 

It was voted tliat the reports bo accepted and placed on lilts* 
The President— Gentlemen, the counting of the ballots will 
take so long that I think it would he well to defer the report 
from the tellers until to-morrow morning. Therefore, I will do- 
clare this meeting adjourned until 10 o’clock to-morrow morning. 

[Adjourned.] 


ASSOCIATE MEMBERS ELECTED AND TRANSFERRED. 


Name. 

Hanchett, Geo. T. 


Hull, S. P. 


Lenz, Charles 


Council Meeting, May 10th, 1808 . 

Address. 

Editor, with The W. J, Johnston 
Go., 258 Broadway, N. Y.; 
residence, Hackensack, N. J. 

Chief Electrician of Hudson Div. 
N. Y. 0 . & H. R. R. Co., 
Poughkeepsie, N, Y. 

Draughtsman, Brooklyn Union 
Gas Co., 187 Kevins Street, 
Brooklyn, N. Y. 


Kmluritbt l»y. 
Townsend Wolrof t, 
W* I). Weaver, 
Edward Caldwell. 

T. D* Bunco. 

J. C. ChamlwThdtu 
A. E, Wiener. 

Job. Wvtador. 

T. C. Martin. 

Max Oaterlwrg. 
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Martin, James A. 

Schwahe, Walter P. 


Total, 5. 


Superintendent, *l'ht s 1.. *« P" F L, Bernard, 
nartl Co., I*'om l h St n-«i, Fdunrd t 'aldwell, 
Troy, N. \ . V* . D Weaver. 

Fleetriejan, HulhnTord. B*uiiu- Wader M. I 
Springs and Curistadt Fleet nr Aider! Ihi vs. 

(to., P. O. Box, ft 4 FarLladi, »1 * * 1 1 n F. Lloyd 

N. J. 


APPLICATIONS FOR. TRANSFFR FRuM ASMU'I \TU TO FILL 
M FM BRUSH IP. FINAL AFTIoN. 


Approved by Board of Fxaiuiir i , April K»th. t*M*L 

Roller, John F. Lieut. F. S, Navy, in that;;. *J I it .-pr< t i* *n and In. 

still la t i<»n, L. S. Nn\v \ ard, New York. 

Edgar, Cuak. L. tmmTal Manager and Flnef Fmnurer, Hdi «.n Idiot* 

trie Illuminating **»»., R<e.ir<n, Mu n 


Brmitiiaupt, K. Fare 
Sever, Leo rue F. 

IIariunuton, W. Vi. 

Bedell, Frederick 
♦ Total, 0. 


Kleetrioal Engineer, Berlin, i*nl. 

I list ruH or in Fleet rienl Kn •inerriiiey Foluiubm Col¬ 
lege, New York Oily. 

Fleet He Railway Fugmeer, Fa Helen, N. J,; Hje 
Sansom St., Philadelphia. 

Assistant: PfofeHsoi* in Rhynes, i V»ruell I* Diversity, 
Ithaca, N. V. 


(JKNERAL MKETINU. 


MoRNJNii HFSHtONd 

Now York, May pnt li, I MINI* 

Tub Prksioknt. Tito first hu>ino» this iminiiutr is to listen 
to a report of the tellers. 

The tellers reported, through Mr. TmvnsriRl Wolcott, m 
follows; 

til’.PORT <»| IN |,|.|||'. 

Annual Meeting at New York idly, May UMh, IMMi 

FOR PRESIDENT. 

Total Number of Votes Oust. aao 


Dr. Louis Duncan ....1287 Pmf, Fdward L Nichols.. 2 

Dr. F, B. Crocker...128 <dmrle.. F Brer !*. .... 1 

A F. Kennedy................ 4 F. J Npim-ue < .. 1 

Thomas I). Look wood.,. O, p stemmef/ ..t 

IQlilm Thomson,...... ;t . 

Total......... :t;;u 





















1896.] 


TELLERS' REPORT 


131 


Total Votes Cast 


0. P. Steinmetz. 

.307 


.... 306 

W. M. Stine. 

.267 

Elisha Gray. 

. 10 

Dr. Louis Bell. 

. 8 

Nikola Tesla. 

. 7 

C. R. Cross. . 

. 6 

J. J. Carty . 

. 6 

1?. T, ‘NlrdinlQ ■ 

. . 5 

A. E. Kennelly. 

. 4 

C. S. Bradley. 

. 3 

W. J. Jenks. 

. 3 

R. H. Pierce. 

. 3 

W. L. R. Emmet. 

. 2 

F. Bedell. 

. 2 

S. I). Greene. 

. 2 

A. Macfarlane. 

. 2 

D. C. Jackson. 

2 

Jos. Wetzler.. 

2 

G. S. Dunn. 

2 

C. E. Emery. 

. 2 

C. T. Hutchinson. 

. 2 


Total 


975 

Elilrii Thomson. 1 

T. A. Edison. 1 

E. R. Weeks. 1 

S. Sheldon... 1 

A. L. Rohrer. 1 

0. T. Crosby.. 1 

E. W. Rice, Jr. 1 

W. E. Geyer . 1 

A. V. Abbott. 1 

Geo. Cutter... 1 

L. B. Stillwell. 1 

H. A. Rowland. 1 

F. W. Darlington. 1 


El. S. Car hart. 1 

P. Lange. 1 

W. D. Weaver. 1 

C. O. Mailloux. 1 

H, Ward Leonard. 1 

A. Schmidt. 1 

W. J. Hammer. 1 

Henry Morton.. 1 

C. D.* Haskins. 1 

.975. 


FOR VICE-PRESIDENTS. 


FOR MANAGERS. 


Total Vote Cast 


1290 


L. B. Stillwell. 

J. W. Licb, Jr. 

F. A. Pie kernel!. 

Win. L. Puffer. 

E. G. Bernard.. 

Samuel Sheldon. 

Win. Stanley. . 

Win. S. Barstow. 

A. V. Abbott. 

A. J. Wurts. 

G. S. Dunn... 

S. D. Greene. 

A. L. Rohrer. 

G. Wilkes. 

F. B. Crocker . 

Win. A. Anthony.. 

0. T. Crosby,. 

E. C.' Davidson. 

F. Bedell. 

S. S. Wheeler. 

E. W. Rice, Jr. 

J. Wetzler . 

F. S. Pierson. 

E. Caldwell. 

R. II. Pierce. 

A. Dow. 

0. R. Cross. 

Win. Maver, Jr. 

F. W. Jones. 

0. E. Emery. 

R. B. Owens.... 

G. D. Shepherd son. 


288 

282 

282 

274 

14 

12 

12 

10 

7 

7 

5 

5 

5 

5 

4 

3 

3 

3 

3 

3 

3 

3 

2 

2 

2 

2 


2 


2 


W. L. R. Emmet. 2 

W. E. Geyer. 2 

0. S. Cornell. 8 

J. B. Cahoon. 8 

Louis Bell. 8 

R. Me. A, Lloyd. 1 

N. W. Perry. 1 

C. D. Crandall. 1 

4. S. Brown. 1 

M. K. Eyre. 1 

II. L. Lufkin. 1 

E. A. Sperry. 1 

A. S. Hibbard. 1 

W. J. Jenks. 1 

F. J. Sprague. 1 

B. F. Thomas. 1 

F. S. Holmes./ 1 

O. R. Agnew. 1 

E. T. Gilliland. 1 

0, Cuttriss. 1 

W. S. Aldrich. 1 

E. Merritt. 1 

A. C. Crehore. 1 

H. V. Hayes. 1 

E. Weston. 1 

F. Reckonzaun. 1 

D. C. Jackson . 1 

E. B. Ives. 1 

M. I. Pupin. 1 

0. J. Field. 1 

Nikola Tesla... 1 

C. G. Armstrong. 1 

.1290. 
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TELLERS' REPORT, 


FOR SECRETARY. 

Total Votes Oast. 8t0. 

Ralph W. Fopo. 


FOR TK EAST HER. 

Total Voles Cast.8VU. 


Geo A. Hamilton. 

Ralph W. Pope. - 

Total. 


W. A. Anthony. 


Total number of votes for President (880) indieatv total number of ballots 

counted. , . 

Rejected as not complying with hides, 28. In all out une ease this was due 
to the omission of name on outer envelope, in the ot her east* tellers could not 
interpret marks made upon ballot. 

Respectfully submitted, 

T<» w n s i; m > \V<» L( '< >tt, 

Wm. .1. IIammkr, 

< hunnuttee. 

Mr Wolcott.-- I would state that there won* 28 ballots 
rejected because they did not comply with the rules. The envel¬ 
opes containing 27 of these ballets were received without any 
signature on the outside by which to identify them, and they had 
to be rejected. The other ballot was marked in such a way that 
it was impossible for the tellers to ascertain what the voter meant, 
and that had to he rejected. 

Mr. Pope received dlU votes as Secretary, which was the total 
number of votes east. For Treasurer then* wore d2‘d votes cast, 
of which Mr. Hamilton received P»2d, Although there were more 
votes cast for Treasurer than there were for Secretary, yet the 
vote for Treasurer was not unanimous. The reason for that is 
that some members tore off the Council ticket from their ballots, 
voting the other part, and the name of Mr. Pope was not on that 
part. 

Thk Prksioknt, -The next business is the report of the Sub¬ 
committee on u Standards of Light," 

The following report was then read by lb*. Kdward L, Nichols; 


i 










STANDARDS OF LIGHT. 

Preliminary Report of the Sub-Committee of the .Institute. 


by edwaki) l 


NICHOLS, CLAYTON II. SHARP, AND CHARLES 


P. MATTHEWS. 


One of the sub-committees appointed in 1893 to investigate the 
subiect of a suitable standard of light for photometric purposes 
has been engaged upon preliminary experiments and upon the 
collection of data concerning the existing standards, and also <» 
such other sources of light as might be regarded as possible sub- 
stitutes for the standards now in use. Such investigation is a 
necessary preparation for the consideration of recommendations 
looking to the adoption of any new standard. 

The committee is still at work upon these preliminary experi¬ 
ments, but it has reached a stage when it seems desirable to make 
the following report of progress. 


I. 

The following sources of light have been in use in photometric 
work for a sufficient length of time to enable various observers 

to become acquainted with their merits and likewise with their 

imperfections. 

(1) The Carcel Lamp. 

(2) The British Standard Candle. 

(3) The German Standard Candle (Vereinskeras). 

(4) The Methven Screen. 

(5) The Hefner-Alteneck Amyl-acetate Lamp. 

(6) The Harcourt Pentane Standard. 

( 7 ) “ “ “ Lamp. 

138 
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In addition to these, the Violle platinum standard of light has 
been before the scientific public for several years, and although 
it has not gone into extensive practical use, it has been subjected 
to severe tests in the laboratory of the German Imperial Institute 
for Research (Reichsanstalt in Charlottenlmrg) and elsewhere. 
Various luminous gas flames, also incandescent lamps, have been 
extensively used as secondary standards. The following standards 
have likewise been proposed, and a certain amount of work has 
been done to demonstrate their good properties and to determine 
the degree of accuracy with which they can be reproduced. 

(1) The crater of the positive carbon in the are. 

(2) The surface of a strip of platinum heated by means of a 
current to an arbitrarily defined temperature. 

Finally there are a number of light sources which must be 
taken into account in the selection of a standard ol light, aside 
from those which have been mentioned in the above list. Such 
are gas flames burning within a mantle of pure oxygen (Hie 
Bude Light), the acetylene flame, the various incandescent man¬ 
tle burners, the light from other glowing metallic oxides, such as 
the zircon light and the light of burning magnesium. 

The committee proposes to present in this report a summary 
of measurements which have been made upon the various sou ices 
of light mentioned above, with a view' to reaching some decision 
with reference to their relative merits as light, standards. It is 
hoped thus to pave the way for experiments leading to the rec¬ 
ommendation of new definitions of the standard of light, or at 
least to the recommendation of greatly improved procedure in 
the handling of existing standards. 

In the case of many of these sources of light, the members of 
the committee have made extensive measurements of their own, 
either in the verification of existing statements, or in the ex¬ 
ploration of questions hitherto not definitely attacked. It is 
proposed in this report to give a brief resume of these experi¬ 
ments, some of the results of which have already appeared else¬ 
where, and to summarize the existing work of previous invest¬ 
igators, so far as the committee is acquainted with the same. 

II. 

Tests of standards of light belong to one of two general 
classes; in the first class are included all comparisons of flames 
with flames, the results of the tests being in this ease affected by 
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the chance of the standard flame with the purity, temperature, 
and bygrometrie state of the atmosphere. The, shojv ,,, ps 
eral only the variations of the standard m ques ton v in 1 

concerning the variations which take place from ' " <a. In 

the second class are included all comparisons of hg.. 

witli glow lamps and also bolometer tests. 

m_ n.vrm.cn RrpA-NmATiD Candles. 


The British standard candles were specified by act oi laih.i 
ment, in 1860, to be sperm candles weighing six to the P<">mi, 
and burning 120 grains per hour. In spite otum versa) con¬ 
demnation by all who have tested tins standard, itstil main .ms 
its position in Great Britain and America. 

Messrs. Harcourt, Keats and Methven, appointed by a com¬ 
mittee of the Board of Trade to investigate the performance n 
British candles, found a difference of 15 per cent, m the aver¬ 
age illuminating power of legal candles, while two pairs showed 
a maximum variation of 22.7 per cent. 

Ileisch and Hartley, acting for the committee on light stand 
ards of the Council of the Gas Institute, found that; the difler- 
eucesinthe illuminating power of candles ranged from 1.5 per 
cent, to 16 per cent., the average difference being 7.0b per cent. 
They also reached the conclusion that sperm candles developed 
more light per grain of sperm consumed, than they had done 


several years before. 

Dibdin conducted two long series of experiments with various 
standards, reporting the results of the tests to the .Metropolitan 
Board of Works.' He compared the standards with t he flume 
produced by a specially stored coal-gas. Ills tests were very ex 
tensive, and his reports voluminous and exhaustive. For the 
British candle he found in his first series of tests a maximum 
variation of 14.9 per cent., which occurred twice, and a maxi 
mum total variation in a single group of 26.2 per cent, which 
also occurred twice. The mean variation, disregarding signs. 


was 3.6 per cent. Variations of from five to eight per cent, 
were common; 13.7 per cent, of the tests were within one per 
cent, of the mean. In the second series the maximum varia¬ 


tion was 11.7 per cent., and the maximum total for one group 
19.3 per cent. The mean variation was smaller on account of 
the fewer observations in each group. This may account tor the 
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fact that in this series 34 per cent, were within one per cent, of 
the mean. 



In his next report he combats the view of Heiseh and Hart¬ 
ley that candles gave more light per grain of sperm then, than 
they had given several years before. Comparing determina¬ 
tions of the candle power of the Carcellamp made in 1870 with 
others made in 1879, he found that the illuminating power of 
candles had decreased rather than increased during these nine 
years. 

A committee of the British Association, comprising numer¬ 
ous distinguished members of that body, in their fourth report 
rendered at the Plymouth meeting in 1888, gave the results of 
extensive tests of candles. Their comparison standard was a 
burner supplied with coal-gas which had been enriched with pen¬ 
tane. Of 118 experiments, 98 gave differences of one percent, 
from the mean, 57 gave differences of two per cent., 19 of ffve 
per cent, while differences of nine per cent, to ten per cent, were 
produced only very irregularly. They concluded that candles 
are not worthy to be called standards, although they conform to 
the legal requirements, and that the intensity of their light is 
affected by the purity of the air in the room, the shape and con¬ 
struction of the wick, the nature of the sperm and by other 
causes. 

They also pointed out that the spermaceti is not a substance 
of definite chemical composition ; that improvements in the 
process of manufacturing have resulted in what is known as a 
“ dryer ” sperm, one containing less oil; that to prevent crystal¬ 
lization, a variable quantity of beeswax is added. They inferred 
from these considerations that it is probably true that the illu¬ 
minating power of candles has changed since the quality of 
sperm employed, the construction of the wick with respect to 
the number of strands, the tightness of the twist, etc., are not 
specified in the act, but are left to the option of the makers. 
This committee regarded as the chief source of the oscillations 
of the light: 

(1) Changes in the length and shape of the wick. 

(2) Difference in the height of the melted sperm in the cup 
of the candle. 


Photometric observations by the many other observers have 


simply served to confirm the above conclusions. A recent 
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Methven has shown the following azimuth of the 

of a candle to take place with cha ^ s tl ; intcusitU>rt ] H . 
plane of the wick. Two candles were used, then 

ino* as follows i . _ _ i <mu 

Plane of the wicks perpendicular to bar, o. . - _y 
Wicks pointing away from the photometer, c. j - 
Wicks pointing towards the photometer, o. '• - ^ iiiU , n . 

lie found also that a candle which gave > ‘ __ varil( ,. 

sityof 1.104 gave in moist air an intensity of 1 
tion of 8.38 per cent." 


Bolometric Measurement . 8 

The extraordinary fluctuations of such sources as t he 
candle, make photometric measurements difhct.lt ami mi; an 
The consideration of the discrepancies exhibited mtlu. n mi . 
previous observers suggested to the members of .?»»«• commi ^ 
the substitution of the bolometer for the eye, ... the M d> nt 
such sources of light. The following is ft summary ol the m 
vestigation which resulted from this suggestion. 

Tl mc/Yr.>T1><TTA NT OF APPARATUS. 


A piece of Swedish iron wire, of No. MO B. & gauge, was 
passed through jeweler’s rollers until its thickness was about. 
0.045 mm. and its width 1.5 mm. It was then placed m dilute 
sulphuric acid, in which potassium bichromate had been dts 
solved, and a current was passed through it in such a manner as 
to dissolve the iron. The potassium bichromate was introduced 
into the solution to dispose of the hydrogen bubbles which 
would ordinarily have clung to the metallic surface, and which 
would have caused it to he dissolved unevenly. 


1 . For an abstract by KrUss,see Journal f Hr GmlkUueUmg uml Womrtmv 
sorgung (1894). 

2. John Methven : Dingier'8 Polytechnmlm Journal , vnl, 217, p. 
taken from London Gas World, 1889, p. 673. See also SiiJCK : .hmrn.il f,w 
Gas Lighting, which is reprinted in tho Scientific, American Supplement, N», 

484, p. 7726. 

3. For a more detailed description of these measurements, see Sharp and 
Turnbull, Physical Review , voL ii, p. 1. 
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In this way the strip was obtained which was about 0.025 mm. 
in thickness and still moderately strong. Irom this stiip were 
cut two pieces, each about 6 cm. in length, to constitute two 
arms of a Wheatstone bridge. 

To carry the strips so obtained, a light oblong frame, F (Fig. 
1), of thin wood was made, and to it were fastened small bits of 
sheet brass, 5, 5, 5, to which the strips and the cop pci wiies in¬ 
tended to connect them with the other arms of the bridge could 
be soldered. The strips, S, S ', were then bent and placed over 
the frame, so that each strip crossed the frame twice. I he free 
ends of each strip were displaced laterally from each other, so 
that, when viewed from the front, the portion of the strip on 
one side of the frame hid only very little of the portion on the 
other side of the frame. 

After the two strips had been arranged on the frame sym- 



Fio. l. 


metrically with respect to each other, the one which was to re¬ 
ceive radiation was carefully smoked on both sides. To accom¬ 
plish this smoking without undue heating of the strip, a piece of 
sheet metal, through which a small hole had been punched, was 
held over a candle flame so that the flame was caused to smoke. 
The smoke passed through the hole, over which a tube was held 
to direct the current. The strip was passed back and forth over 
the top of the tube. In this way a very delicate strip can be 
blackened without injury. In their completed state, the strips 
had a resistance of about 0.5 ohm each. 

The frame holding the strips was mounted in a wooden box 
about 20 cm. long and 5 cm. X 6 cm. in cross-section. A num¬ 
ber of suitable cardboard screens were placed in the front por¬ 
tion of the box to shield one of the strips from radiation and to 
protect both of them from draughts. To close the box at its 
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other end, a piece of bright tin was cut equal in size to the cross- 
section of the box. This was soldered fast to a heavy block ot 
brass, to the other end of which was soldered another piece of 
tin which covered the end of the box. When this arrangement, 
was placed in the box, the first piece of tin came close behind 
the bolometer strips, and its bright surface acted as a mirror in- 
reflecting upon the hack of the exposed strips many rays which 

would otherwise have been lost. 

By this means the efficiency of the bolometer was nearly 
doubled. The tinned surface did not tarnish perceptibly during 
the course of the investigation. It was not smooth enough to 
reflect a distinct image, and the light reflected from it was to a 
large extent scattered. The use of a plane-surfaced mirror in 
such a position would not be allowable, since any slight change 
in the angle of incidence would cause a different amount of light 
to be reflected upon the bolometer strip. 1 he use of the inegu- 
lar-surfaced plate, since it diffuses the light, can scarcely ailect 
the accuracy of the results to an appreciable degree in such work 
as has been done with this bolometer. Nevertheless, this ar¬ 
rangement is to be recommended only where great sensitiveness 
is desired rather than the most exact comparison ot results. 

The galvanometer employed was of the four-coil type. It, was 
constructed by Professor W. S. Franklin, after the same general 
plan as has been followed by Snow, 1 Paschen, 2 3 and others. When 
the two front coils were in multiple with each other and the two 
rear coils similarly connected, and the two pairs were connected 
in series, the resistance was found to be 100 ohms. I he moving 
parts consisted of four little magnets of piano wire, each about 
5 mm. long, and a mirror of thin cover glass, 4 mm. wide by t 
mm. long, all mounted on a slender rod ot glass and suspended 
by a very fine quartz fiber. Any oscillations of the needles were 
very strongly and effectively damped by the air resistance to the 
light-moving parts—a very essential condition to the correct 
operation of the instrument when used to get the variations of a 
rapidly fluctuating source of radiant energy. 

The scale was divided into 1.00 half-inch divisions, each of 

1 . B. W. Snow, “Wied. Ann.,” Vol. 47, p. 213 ; Phyn, Review, VoL 1, p. 2. 

2. F. Paschom, “Wied. Ann,,” Vol. 48, p. 272 ; Zeitmhr . fur Imtrunwnlen- 
kunde , Vol. 13, 1893, p. 13. 

3. Angstrom, “Oefvers.afkongl. Vetenskaps-Akad. Fdrhandk,” 1888, Vol, 
p. 379. 
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which was, in turn, divided into tenths. The distance of the 
scale from the galvanometer was 100 scale divisions, i. e. 50 
inches. With the telescope used, "fifths of the smallest divisions 
could be estimated. In speaking of scale divisions, the half-inch 
divisions will always be meant. 

To test the sensitiveness of the apparatus, the galvanometer 
was adjusted until the period of the needles was six seconds for 
a complete vibration. A deflection of one scale division corre¬ 
sponded to a current of 68 X 10~ 10 amperes. 

This deflection of one scale-division corresponded to a tem¬ 
perature rise in the bolometer strips of 0°.00657 O. If we re¬ 
duce this to millimeter divisions on a scale placed at a distance 
of 1 m. from the mirror, we see that one millimeter deflection 
corresponded to a current of 68 X 10~ 11 amperes, and the corre¬ 
sponding rise in temperature of the strip was 0 Q .()0066 (X 

This temperature sensitiveness is much smaller than has usu¬ 
ally been employed in bolometer work, but it was amply 
sufficient for the purpose. That the bolometer itself was one of 
high sensitiveness is evident from the fact that this degree of 
sensitiveness was attained with galvanometer needles swinirinir 
in a strengthened field and with a galvanometer of UK) ohms re¬ 
sistance. The conditions for maximum sensitiveness of the bridge 
would have required a galvanometer resistance of only 0.5 ohm. 

The reason for the great sensitiveness lay in the nature of the 
strips employed. Their area was considerable, the temperature 
coefficient of the iron was high, and the current through it was 
large, ranging from 0.15 to 0.20 ampere, the size of the strips 
permitting the use of a large current without undue heating. 
As a result of the strong field in which the galvanometer needles 
swung, the drift due to magnetic changes was usually imper- 
ceptible. 

The bolometer, compensating resistance, and battery were all 
placed in an interior room, with thick brick walls, and having 
communication with the outer room only by a door, /), Fig. 2. 

The temperature of this room changed very slowly, and it 
was quite free from drafts. The bolometer box, //, wan placed 
upon a shelf fastened to the door of the room, and looked out 
through a hole in the door upon the outer room. A. double 
screen, /S, of tin, arranged to slide up and down on the outside 
of this door, covered up the bolometer strips when desired. The 
box Jj', containing the compensating resistance, was also fastened 
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to the inside of the door. The end of the box through which 
the screw projected, fitted into a hole in the door, so that the 
screw would be turned aud the bridge balanced from the outei 
room. 

In getting the variations of candles, a special device was in¬ 
quired to keep the top of the burning candle at constant height 
in front of the bolometer strip. A suggestion of Mr. (I II. 
Bierbaum, M. E., resulted in the construction of the following 
simple and effective arrangement. A spiral spring, about Ml 
cm. long and 4 cm. in diameter, was attached to a small scale-pan, 



1-i'ig. 2 . 


and the spring was cut off to such a length that when a candle 
was put on the scale-pan, the elongation was just equal to the 
length of the candle. The spring would then take up as fast as 
the top of the candle was lowered by burning. A small piece, 
of sheet metal served to protect the spring from the heat of the 
candle. In order to keep the scale-pan from swinging sidewise 
and from oscillating up and down, a couple of wires were passed 
vertically through holes on opposite sides of it, and served as 
loosely fitting guides, which, without interfering with the take- 
up of the spring, effectually damped any vibrations. The ad- 
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justment of a spring to any candle could ho made in a few 
minutes with sufficient accuracy so that the height of the top of 
a candle burning on the scale-pan would not vary over 1 mm. in 
an hour. CL Fig. 2, shows this arrangement in place. 

Method of Taking Observations. 

All determinations of the variations of standards were made 
. at times when the laboratory and its surroundings were very 
quiet. Most of them were made between the hours of seven 
and twelve in the evening; a few were made on holidays, when 
the laboratory was closed for general work. Ilefore beginning a 
set of observations the sensitiveness was adjusted, and the gal- 
vanometer was carefully watched for a considerable time to m;t 
the amount of its swings due to currents of air about the bolo¬ 
meter strips or to changes in the earth’s field. The sensitiveness 
was also tested from time to time. If the movement amounted 
to more than two tenths of a scale division no run was attempted. 

After taking these preliminary observations which usually re¬ 
quired about an hour’s time, the bolometer was exposed to the 
source of light. The galvanometer deflections were read rapidly 
by one person and wore plotted by another as fast as read, the 
times being taken from a watch. In this way curves were traced 
which represent very truly all the changes in the radiation of the 
light source. 

The character of the results obtained with the British candle 
is exhibited in Fig. 8. 

An unfortunate feature in these curves is that the scale of ab¬ 
scissas, representing times, is so small. As a, result of this it 
has been difficult to represent with the greatest accuracy the 
true slope of those portions of the curves which correspond to 
very rapid changes in radiation. In examining the curve, it 
should be borne in mind that, a very steep line may cover sev¬ 
ere seconds of tune, and that it is quite possible that a, photo¬ 
metric setting might be made during the time that a candle is 
executing just such a variation as is represented by the steepest 
parts of one of the candle curves. The number of galvano- 
meter readings plotted during the space of five minutes was 
usually from 50 to 100. 

At the end of a run, the strips and surrounding parts were 

wbicl tlme < [ otnp *° lose the heat imparted to them, after 

i leadings for zero and sensitiveness were taken. The 
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curves were corrected for changes in zero and in sensitiveness, 
using the equation:— 

.change in senritiven^ x approximate mean ordinate 

initial sensitiveness 11 , i* , 

zzz ftorroction to ordinate. 


It has been impossible to draw the curves so as to show clearly 
the minor fluctuations due to minute changes in the intensity of 
the radiation, since, as has been said, the scale to which the time 
abscissas are plotted is very small, compared with the scale of 
ordinates. These important peculiarities oi the movements of 
the galvanometer needle were clearly perceptible, however, to 
one who observed the galvanometer deflections for only a litte 
time, while their character made it perfectly evident that the 
swings of the galvanometer needles in their natural period exer¬ 
cised only an inappreciable influence on the slopes of the curves 
and the magnitudes of the variations recorded. 


TABbK I. 

B0L0MKTK1C MBA8UHKMKNS OF THE BRITISH CANUCK. 
(DATA FOR CORRECTIONS OF THE CURVES.) 


Number 

of 

curve. 

Times of 
taking 
zero and 
sensitiveness 
readings. 

Time of lighting. 

Time of 
taking the 
curve. 

0 B - 

<y O' 

sfH. 

* E 

<£* 3 

&s 

0 •> 

X ,J 

8 

2 d 

<y ii 

gs 

a ,0 

Q 

•S i 

'is *3 

W '(/! 

U 

» 

Correction 

for 

Keduedion to 
standard 

Drift. 

*0 «u 
<U fj 
tv., r 

fa ,‘:i 

gs 

« 

2 

d 

*u 

& 

8 

§ 

M 

Q 

Rate. 


It. m. 

h. m. 

U.m 

h.m. 

h m. 

grams 

cm. 







I. 

8 47 and to oi 

8 5° 

850 

to 9 35 

7*9*0 

«5*3 

id. it 

1 «>*»/ 

|o.« 

0 

" «*3 

—0.70 

11. 

0 4i 

10 5c 

9 33 

9 50 

to 35 

7.767 

ad.o 

id.* 

0.4 

0 

1 <M 

0 

“’1*0.05 

III. 

8 oo 

9 *5 

cc 

8 

8 00 

t) 00 

7,8415 

v/t.o 

id.I 

4.0 

|n,B 

1 o.j 

0 

•0*34 

III. (a) 

9 38 

10 30 

8 00 

9 45 

n» *s 

7,84** 

a6.« 

id :.»H ! 

{0.3 

0 

i 0.3 

0 

““*0*34 

IV. 

7 SO 

9°S 

7 5° 

7 50 

8 50 

7 -<»P 

«5-3 

id. 

11,*.,: 

■. • 0.1 

l ib I 

-‘•••'SI.* 

‘1*0.45 

IV. (a) 

9 35 

to 30 

7 5<> 

9 45 

10 *5 

7,%y 

“5*3 

id. 4 


0 


—a. 3 

-I-0.45 


In Fig. 3, and in subsequent cuts containing bolometrie 
curves, the smallest divisions of abscissas represent, five minutes 
of time. The corresponding divisions of ordinates are five di¬ 
visions of the galvanometer scale. In order to economize space, 
no attention has been given to the height of the curves relative 
to the base line on the plates. The total ordinates for each 

curve are indicated by such a symbol as this ^ j 40, indicat- 
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me- that the true X-axis for curves I. and II. should he placed 
ten divisions below the base line on the plate. . 'onsequcn X 
on the various plates, curves having the same ordinates are plot¬ 
ted one above the other, the true ordinate being indicated m the 


way mentioned above. 

The data by which the curves have been corrected 


are given 


in Table I. . 

Table II. gives, in its first column, the approximate abscissas 
of the portion of the curve in question, and in its second column 
the mean ordinates of these portions. The third column con¬ 
tains the deviations of the mean ordinates of the portions from 
the mean ordinate of the whole curve. The fourth column con 
tains these deviations reduced to percentages of the whole. I he 
fifth contains similar deviations from the mean ordinate of all 
the curves of the particular standard under consideration, and in 
the sixth these also are reduced to percentages. 


Discussion of the Results Obtained with 


British Candles. 


Fig. 3 shows the curves given by the English standard candles. 
In curves III. and IY. the candles were lighted at their tops. I he 
wicks flared up and gave a high point on each curve, which in 
the case of curve IY. is not shown on the plate. The flames 
then increased gradually to their normal size, which was reached 
after about 15 minutes. Curves HI. (a) and IV. (it) are con¬ 
tinuations of III. and IV. The candles were allowed to burn 
during the interval between the curves, which in the case of III, 
and III. (a) was 45 minutes, and in the ease of IV. ami IV, (ft) 
was 55 minutes. During III. the room was rather more draughty 
than during III. (a), and the effect of the draughts is seen in the 
much larger numbers of small irregularities in the former than 
in the latter curve. During the interval between IV. ami I V. (a) 
the height of the flame of the candle was found to vary between 
43 and 48 mm. 

Curve I. was taken with the portion of candle left over from 
IY. and IY. ( a ). It was lighted, its wink being already charred 
and its crater formed, and readings were taken immediately. 
Curve II. was taken with the lower half of the candle used In 


getting III. and III. (a). The bottom, L e. the larger end of 
this, was hollowed out to expose the wick, and readings were 
taken after the candle had been burning long enough to come to 
its normal light-giving power. The agreement in the amount of 






Curve IV, { a ). Curve IV. Curve III. ( a ). Curve III. Curve II. Curve 
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leu degree, all these curves, is the success»<» ' J 

followed by gradual rises to a maximum. In the case o ^ I 
in curve IV. at 55 minutes, the change aniounted k • \ ' 

of the total deflection, and in other instances ti e <h.u • • 
nearly or quite as large. The reason for these drops >s o « 
looked for in the action of the wick, which, as the cam <* *«* »• 
down projects farther above the spermaceti, causing a :l ,l * 1 ‘ 
Finally, by reason of charring and because of its own weigh , i 
bends over and the ends burns off. The flame following the 

wick becomes shorter. ... 

Since the wicks of English standard candles are very iindorm 
in construction, these drops succeeded each other alter nearly 
regular time intervals of about throe minutes. 

A confirmation of these results, together with conclusive cu 
dence of the legitimacy of the bolomotric method of studying 
light sources will be found in section IV. of this report. 


The study of the irregularities exhibited by the British candle 
suggested to one of the members of your committee that the me 
of a different criterion of the light emitted by a can rile than that 
now employed, namely, rate of consumption of sperm, might 
lead to better results in their use. The method proposed is to 
measure at the time that the photometric setting is made, the 
height of the flame. Then knowing the relation between llaiue 
height and intensity of light emitted, to reduce the instnntane.m 
intensity to intensity at standard height. 

Two methods were employed to determine the ratio of tin 
flame height to the intensity. In the first method the intensify 
of the radiation of the candle was measured by the bolometer in 
the way previously described. To measure, the height *»1 f he 
flame, a long camera was constructed, having its lens and ground 
glass plate at a fixed distance from each other. The ground 
glass plate was graduated empirically to read directly in milh 
meters the height of objects focussed upon it. The candle wm 
placed on a pan attached to a spiral spring of such a lengt h f h n 


148 


STANDARDS OF UUDT. 


i M;<\ IW, 


its elongation would be just equal f<> the length <*t the emidle. 
By this arrangement the fop of fhe candle w;o kept at a c.»n 
stant height above the floor, and when uii«v tin* image «d tin* 
base of the flame had been accurately udju>fed *«u «<ne <d the 
lines of the camera screen (to facilitate which the cnm ua- 
capable of a slight vertical movement), it remained there during 
a considerable period of time. lienee, to measure the height nf 
the flame at any instant, it was necessity only in glance at Hit* 

image of the top of the flame and to note if. pu.dti»*n mi tin- 

screen. 

The magnifying power employed was about tw**, and height* 
were measured only to 0.5 mm, (heater ei«>m* **f memo tv 
merit was deemed unnecessary on aeeount of fin* ill defined 
nature of the base and tip of the flame. The actual fnt r .»f a 
candle flame is difficult to observe, on account of the mail mi m 
tity of light which it emits. The procedure adopt* d ua to m 
on the line of demarkafion between the ehanvd and unehurred 
portions of the wick, since this was found to unlh to mark i ho 
base of the flame. In ease a (dose inspection of the eamih 
showed the base of the flame to la* slight 1 v above rht point, u 
further adjustment of the screen was made. 

In order to ensure great steadiness of the flame, the candle 
was placed in a roomy, well ventilated hu\ having a rffa win 
dow. Having put the candle in position before the bolometer, 
and having adjusted the camera properly, the bolometer ereen 
was iaised, and simultaneousobservations were umdo of gid vnootm 
eter deflections and flame heights. These readings were eor 
rected for any change in sensitiveness of tin* bolometer and anv 
dnft oi the galvanometer needle, and were plotted, n lie* flame 
heights and galvanometer deflect ions as eo ordinate^ 

In the second method, a Bummer Brodhmt photometer was 
used. At one end of a photometer bar dim m, j*mt» wuh p|m*«a| 
a 110-volt glow lamp. This was nminfained uf a \ »hinge *0 |till 
by means of a storage battery. i icing run at a low l ili.'irtuM . 
its color was about the same as that of a candle, ami it*, Hum-re 
in candle power during the time it was in um- wu* to.. Mimllo, 
he detected. 

At the other end of the bar was the enmil,., Ht»«,i«,rt,.,i In it, 
adjusted spring. The candle was always placed so that iheVurl 



1806.1 


REPORT OF SUB-COMMITTEE. 


140 


of the wick was perpendicular to the axis of the bar. 1 The ar¬ 
rangement for measuring flame heights is shown in Fig. 4, which 
represents a projection of the apparatus on a horizontal plane. 
/> is the photometer bar, G the candle, M a mirror placed be¬ 
hind the candle in such a way as to reflect the rays from it 
through the lens /,, which projected them on a graduated screen, 
S\ placed immediately behind the bar. The mirror was carried 
on a movable support, so as to admit of an adjustment of focus. 

This arrangement was adopted, since by its use one observer 
could do all the work. The method was simply to make a rather 
quick photometer setting, and then instantly to note the position 
of the top of the flame on the screen, reading the position of 
the photometer afterwards. 

The observations were treated in the following manner: The 
various observed values of flame height were collected in such 
away that heights of 41.0 mm*, and 41.5 mm., and 42.0 mm., 



Fin. 4. 


formed one group ; 42.5 mm., 42.0 mm., and 42.5 mm., another, 
etc. The mean height of each group was found, and also the 
mean bar-reading corresponding to it. The candle power of the 
standard was found by taking the mean of all the heights and 
bur-readings, and reducing, by means of an approximate correc¬ 
tion, to a standard height flame of 45 mm. Using this value for 
the intensity of the glow lamp, the intensity of the candle cor¬ 
responding to each group was computed. By means of a curve 
plotted from these values, the percentage variation per milli¬ 
meter of flame height was determined. 

In order to find the relative accuracy of this, and of the ordb 

1. For Jim variation of th<* intensity of candle as a function of tin* azimuth 
of tin* plain* of tin* wick, set* Mcthven, London Cm World , 1880, p. 572.; 
also an article by Sutfjr, in the Journal for Gas Lighting t which is reprinted in 
the Seimtijk American Supplement, No. 484, p. 7720. 







nary method of using candles, fin • following ol..-enuti..n- wen 
made: A candle burning normally wu- weighed by in. 
“ method of transits,” was transferred to tlm spring halance, am 
tenor more photometer settings made -the timin'height ah. 

tahijM m. 
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being noted. The candle was then weighed again, and another 
group taken. A number of such sets of observations were made 
on several days, and since the glow lamp was used as a refer 
once standard, those sets are comparable with each other. 
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The mean value of the candle power of the glow lamp given 
by each of these sets of observations was corrected for rate in 
the ordinary way, and also corrected by reducing from the mean 



flame height to the standard height of 45 mm., using the mean 
value of the relation between intensity and (lame height as de¬ 
termined from all the observations, both bolomotrio and photo¬ 
metric. The deviation of each value obtained tor the candle 
power of the glow lamp from the mean value obtained from all 
the observations was computed, and this deviation was reduced 
to percentages. A comparison of the percentage deviations given 
by the two methods shows their relative accuracy, while the 
aiisolate values of the percentages show the error which one 
is liable to make in using candles in either of the two ways. 



Table III. gives a characteristic set of data obtained by the use 
of the bolometer, 181)4, March 21 . Table IV. is a similar set of 
photometric data obtained 181)5, November fi. The data of 
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Table III. and Table IV. are shown reduced and plotted in Fig. 
,5 and Fig. 6 respectively. Table V - gives values found tor the 
variation in intensity of candles expressed in percentages pei null!- 


TABLE V. 


Bolometric. 

Per 

cent. 

Photometric. 

Per 

cent. 

Photomet ri<\ 

Per 
cent . 

1804. Nov. 29 . . . 

2.2 

1895. July 27 . . . 

3-3 

Occ. 3 K j 


Dec. 5 - - - 

2.7 

Oct. 30 . . . 

;m 

i ♦ } 

2 . '5 

1895. Feb. 23, I. 

II. 

2.2 

2.5 

Nov. 1 I. 

11. 

3-3 

ii i 


III. 

3.2 

Nov. 6 1 . 

2.2 

‘"■'■•'i 11 


March 21, I. 1 


11. 

2.7 

,1 1 


11 . r 

3 * r 

Nov. 27 I- 

2.7 j 

K |_ 

2 . f 1 

Oct. 4 . . . . 

2.7 

II. 

2.9 

A* j 




Dec. 2 a.m., A { 

15 f 

2,7 

M 

N 1 




Dec. 2 p.m., C j 






I) t 

2.B 




— 

O' t 




Mean . . . 

2.7 



Weight mean of all 

2 .'/ 


TABLE VI. 





Jr n > 


1 1-4 *C3 

V- v W 


js ^ *•: 

'*/ r: 

yj . 

Name of 
group of 
observations. 

Rate. 

Flame 

height. 

c c r. 

. J2 <u 

Oh * fc 
(J J2 S 

u . a 

oc . 

a 

eug 2 

0 t 

yZ'iii 

w TJ r; 

cu - a 
. : « £ 
o ti 

« £ w ija 
'g S fc 6 

a.£ 

1«| i 

y 

_A'U 





3 


.ts 


. 



A 

7,601 

43-° 

6.11 

5.99 

5.78 

- i -• <>. is 

1- • ‘4 

o,m 

: 


B 

8.320 

45-*5 

5.785 

6.20 

5.8 m 

“1.-5 f * 


j • u.H 


C 

6.981 

44-95 

6.u 1 

5.41 

ft, 00 

o, 2 ; 

' | M.trfft 

" 4-V'i 

f ' 4 . »:> 

D 

8.100 

4O.1 

6.09 

6.35 

6.25 

1" n,?t 

i 

« t2.f1 

-i H.y 

E 

7.157 

46.4 

5-5® 

5-"9 

5.74 

" “ <1.45 

0,0* 

■ 9-<*' 

1 * . 2 

F 

7.863 

44.7 

5.67 

5-74 

5.62 

J tt.XO 

- 0,12 

-f- f,6 

V , 1 

G 

8,030 

44.8 

5.7a 

S-9* 

5.69 

0.27 

■ 1 t.t <5 

•j- 4-8 

.. 0.9 

H 

7*33° 

44-°5 

5.80 

5-47 

5,6ft 

T- 0,17 

i} . *;*b 

I" ;■** 

<•4 

I 

8,422 

44-3 

5.65 

6.1 \ 

5-M 

!• «-49 

* 

! ■ >"..5 


J 

7.271 

47.1 

5-35 

5.02 

5.65 

— - i-t.fr/ 

.. t *.09 

t t :• 1 

1 .ft 

lv 

7-367 

46.15 

S-$o 

s-»-* 

5.67 

- ft, ,|2 

■ 0,07 

" ’/.O 

» . 2 

M 

7.440 

45.6 

S.64 

5.41 

*>.?:? 

. * { 

O.Ot 

4^'i 


7.1.37 

42.3 

0,00 

5<5'<t 

5.56 

- 0.12 

«*, iH j 


. 52 

N 

7.301 

44.2 

5-79 

5-45 

•1-67 

. 0.10 

- *■*.'»? j 

* ' 

*, 2 

Means, disre¬ 
garding signs.... 

7*594 

44-9 

5-76 

5.64 

. 8-74 

O. ,(6 

fit. t «f '-j 
j 


2. Cl 

Nov. 6, I. 


45-5 

5.60 


5.68 


■ 1 »,• Iff 


1.6 

II. 


45-3 

5- 79 


ft.Mti 


J - 0,‘,1;{ 


1 4 -*' 

Nov. 11 


43-* 

6.17 


'i.H', 


■ - ■ rt.oH 

i 

*4 

Nov. *a, I. 


44.1 

5.87 


5 - 71 


■ ■ 0.1.14 

i 

0.7 

H. 


4« 9 

6.20 


5.85 


■ ■ 1 t.ftH 


t ■ 4 

Dec. 2, I)' 


49-3 

5.36 


fi-'i'f 


i 


| }.H 

Means of all, 






Lust si* 
only. 


j 


disregarding 
signs . 


45 -° 

5-78 


5*77 

0. *29, 


■2. *4 












meter. Table IV. shows, in the way described above, the com 
parative accuracy of the two methods of reducing candle ob¬ 
servations. Fig. Y shows plots obtained from groups of ohserva- 
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tioiis designated by A, B, C, . . . N. Fig. 8 shows plots 

from three successive sets of bolometric observations. 

An inspection of the tables and curves will show that while 



Fin. 7. 

the relation between flame height and intensity is a fairly definite 
one for any given group of observations, there is a considerable 
range of variation in the values for it as obtained from different 
groups. Moreover, the relation sometimes changes during one 
burning of the candle. Fig. 8 illustrates^ ispeculiarity in, that 
there is a group of points marked |“l which lie considerably 
below the line plotted to represent all the observations; and that 



the slope of the flame height-intensity curve plotted from the 
points marked Q is materially different from that obtained 
from other groups of points. This may he due to a change in 
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the shape of the wick. The fact that this relation Is not abso¬ 
lutely constant does not vitiate the proposed method of treating 
candle observations; for since the deviations of flame height from 
45 mm. is seldom more than 10 per cent, if our assumed value 
for this relation is in error by as much as 20 per cent, our re¬ 
duced value for candle power would be in error by no more than 
two per cent. 

Table VI. shows that the mean deviation from the mean of 
observations corrected in this way is a little over two per cent., 
and that 14 out of 20 values were in error by 2.1 percent, or 
less. In the case of corrections for rate, the mean deviation is 
over six per cent, while but one out of 14 values deviated by less 
than two per cent, and only four by less than four per cent. 

In other words, by correcting for flame height an error of less 
than two per cent, may reasonably he expected, and the prob¬ 
ability of making an error greater than four per cent, is small; 
while in correcting for rate, errors of eight per cent, and nine 
per cent, are of common occurrence. 

The values corrected for rate might, perhaps, he more consist 
ent if the rule were followed to reject all observations in which 
the rate fell below 114 or above 12(> grains per hour. Similarly, 
the errors in the values corrected for flame height, might be 
smaller if observations made at extreme flame heights were to be 
rejected. Indeed, it is one of the chief advantages of the 
method, that the observed flame height furnishes a criterion for 
the rejection of any observation which is regarded as doubtful. 
In this discussion, however, in order to he equally fair to both 
methods, no observations have boon rejected. 

The results of these photometer observations confirm fully 
those obtained by the use of the bolometer in determining the 
variations of light standards, and show very conclusively that the 
fundamental assumptions on which the bolometric tests were 
based, were entirely justifiable. If we compute from Table VI. 
the mean value of the flame height-intensity ratio, as determined 
by the bolometer, we find that it is just the same as the mean 
value from all the observations* 

In section III. of this report it was shown that the English 
candle is subject to sudden variations in intensity which are some¬ 
times as large as 15 per cent. Many of these sudden drops were 
noticed while making the photometer observations, and they all 
had the same characteristics as are shown by the bolometer 
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curves. Fig. 5) shows a group of these observations—group F in 
the tallies. Assuming that the time intervals between the various 
photometer settings were equal, points were plotted showing the 
relation between intensity of the candle and time, and between 
flame height and time. It will be seen at once that the two curves 
are of very similar characters. The flame height gradually in¬ 
creased, and with it the intensity, until, when the height of 48 
mm. had been reached, there was a sudden drop, the change in 
intensity amounting to 12 per cent. 

These curves evidently show in an imperfect way variations 
precisely similar to those which are so faithfully reproduced by 
the galvanometer needle. In view of those qualitative and quanti¬ 
tative results, it would seem to be impossible to doubt the relia¬ 
bility of the bolometer as an instrument for making such tests. 



V. 

Tub Gkrman Standard Candijb (Vkrkinskrrbk). 

The specifications for the manufacture of this candle, adopted 
upon the recommendation of a committee of the German Asso¬ 
ciation of Gas Manufacturers, are very careful and complete. 
The candle is made only under the immediate supervision of the 
association and is sold by them. The directions for its use are 
most minute. The photometric measurements are to be made 
only when the flame has reached its normal height, of 50 mm., 
the' rate of consumption of paraffin being disregarded. The 
candle is made of the purest paraffin, has a uniform diameter of 
20 mm. tins number of strands of wick, also, being carefully 
specified. In the earliest recommendations for the use of this 
candle, it was directed that the candle he allowed to hum freely, 
anil when the flame height had reached 50 mm. then the photo- 
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metric settings were to be made. In later years, however, the 
recommendation was made that the wick of the candle be cleaned 
or snuffed in order to insure the reaching of the standard flame 
height more quickly. The use of this candle as an official stand¬ 
ard has been abandoned even in Germany in favor of the Hefner 
lamp, and, consequently, it is not necessary to deal very exten¬ 
sively with tests which have been made of it. 

Lummer and Brodhun 1 in determining the intensity of the 
Hefner light in terms of the German candle, using glow lamps 
as intermediate standards, investigated the performance of the 
candle with a good deal of care. Measuring the height of the 
flame by means of a cathotometer, they experienced difficulty in 
seeing the exact point of termination of the base of the flame, 
and also from the fact that the top would split up into three 


TABLE Vtl. 


Flame heights 
in millimeters. 

Intensity. 

I. 

II. 

III. * 

44 

0.398 



45 

• 4°5 



47 

.410 

.389 

0.380 

48 

.419 

•398 

•390 

49 

.426 

.405 

•396 

50 

( *434 

.410 

•398 


points, and when the height was near the normal height, the 
flame would smoke. Their measurements show that the ratio 
between flame height and intensity with this candle is not a fixed 
one. 

At one time the height remained at 50 mm. for some minutes, 
and the following settings were made: 0.412, 0.420, 0.420, 0.424, 
0.430. During this time the edges of the crater melted off to 
some degree. 

Bolometer tests 2 of this standard were made by members of the 
present committee. They do not, however, show its behavior 
when used under normal conditions. They indicate a more uni¬ 
form performance, except for continual small variations than is 

1. Lummer and Brodhun: Zeitschr.fwr InstrumentenJcunde, vol., 10, p. 119, 

2. Sharp and Trumbull, Phys . i&r., vol. ii, p. 1. 
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seen in the case of the British candle, and show clearly the greater 
care which is used to secure uniformity of wick, etc. 

The data from which the curves in Fig. 10 are obtained are 
analogous to those presented in tables I and II. It will not be 
necessary to give them here. The following general statements 
concerning the results embodied in Fig. 10 may, however, be 
deemed of interest. 

Curves Y. and Y. {a) and YI. and YI. (a) were obtained from 
candles burned in exactly the same way as III. and III. {a) and 
IV. and IY. the time interval between Y. and Y. (a) being 
one hour, and that between YI. and YI. (a) being 41 minutes. 
Curve Y. (5) was taken with the remainder of the candle used 
for V., relighted on another night; so that it is entirely inde¬ 
pendent of Y. and Y. (a) excepting that the same candle was 
used. 

When we come to compare the English with the German 
candle, we notice, first, that the variations of the English candle 
were much larger and that large variations were much more fre¬ 
quent. The German curves are free from the semi-periodic drops 
which characterize the English. Curve I. at 24 minutes reaches 
a value which is 1.255 of the mean ordinate of the English candle 
curves. Curve IY. at 49 minutes drops to a point which is only 
0.7 7 of the mean ordinate. The total variation is, consequently, 
46.5 per cent. Both of these curves were taken with the same 
candle, but on different nights. The highest point of the Ger¬ 
man curves is on Y (a) at 86 minutes. The ordinate reaches a 
value which is 1.155 of the mean. The lowest point is on YI. (a) 
at 72 minutes, and is 0.915 of the mean. The total variation was 
consequently 24 per cent., or only about half that shown by the 
English candle. 

Moreover, we see from the table that the percentage deviation 
of curve III., 55-60 minutes, from the mean of the English 
candles is -f- 10.45 per cent. Curve IY., 35-40 minutes, shows 
a deviation of— 13.0S per cent. The total deviation for a period 
of five minutes is 23.53 per cent for the English candles. In the 
German candles the maximum positive and negative deviations 
for five-minute periods are -j— 11.52 per cent and — 10.43 per 
cent, respectively. These give a total of 21.95 per cent, and ex¬ 
hibit a performance but little better than that shown by the Eng¬ 
lish candle. 
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YL 

The Methven Screen. 

Dibdiids results of tests of this standard are even less signifi¬ 
cant of what the standard will do from day to day under vary¬ 
ing conditions, than are his tests of candles, because here lie com¬ 
pared two gas Haines with each other, and they must have 
been similarly affected by varying atmospheric conditions. lie 
found in his observations, which are given in his report of 1885, 
tor determinations made by one operator, a maximum fluctua¬ 
tion of 5 per cent.., frequent fluctuations of from 2 per cent, to 
3 per cent., while of per cent, of the measurements were within 
l percent, of the mean of all. From observations by three 
different operators, the maximum was found to he <>.7; many of 
the fluctuations were of from 3 per cent, to (> per cent., while 
12.5 per cent, of the observations were within 1 per cent, of the 
mean. Using the carburet tod gas, a result perhaps slightly better 
than the above was obtained, hut with gas of varying purity he 
found large* errors entering when the gas was had. For example, a 
flame giving 18.50 candle power when compared with the Methven 
burning Hf candh* gas, gave when lOwandle gas was used in the 
Methven 31.30 candle power, indicated in one test, and 22 candle 
power indicated in another. This shows dearly that the varia¬ 
tion of candle power with the Methven is not a definite function 
of the richness of the gas, especially if the gas is poor. Dihdiifs 
observations in this respect have been confirmed by the work of 
Rawsond I Ids conclusion is in contradiction to that of Ileisch and 
Hartley, who found no variation whatever when the standard 
was supplied with gas running from 13,55 candle to 22.4- candle. 
Ritalin ways: u These results .... must seriously mili¬ 
tate against the adoption of the plain gas Methven slit standard, 
however useful if may he as a handy instrument in ordinary 
works. The arrangement for earburetting is, on the other hand, 
a very different thing and capable of very reliable work.” In 
his other report, he says, u Observations with different operators 
cannot, bo considered ns very satisfactory, for generally more ex¬ 
perience with the earburetted gas is required than would appear 
necessary.” In this second report, he found for the deviations, 
using earbu rotted gas, a maximum value of 5 per cent., while 
74 per cent, of the observations were within 1 percent, of the 


1. Itawhon; Kleetr.. 17. p. 479, 1886, 
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mean. He found also that bad results were obtained if the 
burner and chimney had not had time to become thoroughly 
warm before use. By using several chimneys of varying thick¬ 
nesses, he found no serious error resulting from this cause. 

Rawson 1 found in investigating this standard, that it was diffi¬ 
cult to determine just when the flame height was three inches, on 
account of the flickering of the flame. He found also changes 
in the rate of flow of gas when the eye could hardly detect any 
change in flame height. His observations show that the light 
emitted varies rapidly with changes in the quality of the gas 
when the gas is bad to start with. This is confirmed also by the 
work of the Dutch Commissioners, who found for the candle 
power of the Methven standard, using 15-candle gas, 2.05 candle 
power, while for 18-candle gas the candle power was 2.23. 

Methven 2 has discussed the effects of changes in temperature 
and pressure, on this standard. The effect of increased pressure 



and temperature is not to increase the size of the flame on ac¬ 
count of more rapid flow of gas, but in burning denser gas in a 
denser atmosphere the size is diminished. With lower pressure 
and higher temperature the density of the flame is less, and the 
draught of the chimney is less. Less oxygen flows, and the flame 
takes on a brownish color. If the specific gravity of the gas is 
low, the intensity is much increased; if high, the increase is less 
marked. The draught is determined by the difference between 
the temperature of the room and of the flame, and hence for 
equal quantities of gas, and varying room temperatures the in¬ 
tensity will be different. A given gas gave 15.93 o. p. at 3°, 9 
0; and 16.90 c. p. at 22°, 2. This accords with the results of 
M. Bremond, who found for a given gas at different elevations 


1. Rawson, loe. cit. 

2. Methven : Dingler's Polytechnishes Journal , vol. 277, p. 276, 1890. 
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above the sea-level a decrease in intensity of 0.742 per cent, per 
100 feet increase in elevation. Moreover, the intensity is 10 per 
cent, less when the flame burns in moist air than when the air is 
dry. Coal-gas burning in a Harconrt burner shows under similar 
circumstances a diminution of 13 per cent. 

Fig. 11 and 12 exhibit specimens of the bolometric curves ob¬ 
tained by your committee in the case of the Methven screen. 
Curve XYIII. was taken with the Argand burner connected 
directly to the gas-pipes in the building. The pressure of the gas 
was controlled only by a large regulator on the main pipe lead¬ 
ing into the building. The consumption of gas in the building 
was constant during the run. The curve shows many large, but 
quick variations and certain decided waves. The other Methven 
curve was taken with a gas-holder of about 10 gallons 5 capacity 
interposed between the gas main and the Argand burner. The 
effect of this in smoothing the curves is very marked, and indicates 
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10 m. 20 in. 

Fig. 12.—Methven Screen. 


that for photometric purposes the Methven screen is much im 
proved by the interposition of a rather capacious reservoir. The 
use of such a reservoir tends to minimize the effect of changes 
of pressure and to absorb any waves in the gas due to water in the 
pipes or some similar cause. 

The way in which these waves of variable pressure produce 
fluctuations in the amount of radiation, is by causing changes in 
the quality of those portions of the flame which cover the slit. 
At times the top of the flame becomes forked, so that not all of 
the slit is covered by it. It happens perhaps more frequently 
that some of the non-luminous portion of the flame rises so as 
partially to cover the slit. In either case the result is seen in a 
deviation of the curve. It must be true, also, that the amount of 
luminous radiation suffers a much larger proportional change 
than the total amount of radiation; hence the deviations recorded 
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on the curves are too small to represent correctly the fluctuations 
in luminous intensity. There is an additional reason for these 
fluctuations, which is to be found in the slight protection against 
draughts of air which the wide open chimney used on the Lon¬ 
don Argand burner affords. In this respect its action is in 
marked contrast with that of the smaller close chimney of the 
Carcel lamp, which, of course, can be used only with much richer 
gases than ordinary illuminating gas. 


VII. 

A. Vernon Harcourt 5 s Pentane Standard. 


This standard 1 consists of a gas flame produced in burning a 
mixture of 20 volumes air with 7 volumes of pentane vapor. The 
flame is 2-^ in. height, the orifice through which the gas passes 
being l" in diameter. The rate of consumption of the gas is $ cu. 
ft. per hour. The standard temperature for making the mix¬ 
ture is 60° F., and the standard pressure is 30 in. of mercury. 
The pentane used is the most volatile portion of American pe¬ 
troleum, and is obtained by repeated distillation of gasoline, 
which has been purified by treating with sulphuric acid, and 
afterwards with a solution of sodium hydroxide. The distillation 
is carried on until the whole passes over at 120° F. The prod¬ 
uct is nearly pure pentane, C 5 H 12 . It is mixed, however, with 
a small portion of hexane, which, it is claimed, will not affect 
the illuminating power of the gas, since it is so similar in chemi¬ 
cal composition to pentane. The pentane evaporates more 
quickly than ether, and is nearly insoluble in water. Its specific 
gravity at 60° F. is between 0.628 and 0.631; its vapor is 2.5 
times as heavy as air. The flame produced is said to be steady 
when the gas is rich and the flame not too large, while an addi¬ 
tional advantage consists in the fact that the rate of consumption 

of gas at a given flame height furnishes a check upon the purity 
of the gas. 

Dibdin, m his tests made in 1885, used an apparatus set up by 
Harcourt himself. He found that when the air gas was made 
over fresh water in the gas holder, his results did not.agree ex¬ 
actly with those obtained when the water had been previously 
used for the same purpose. The size of the holder, and the exact 


l. 

1877. 


A. Vernon Harcourt, Report of the proceedings of the British 
Chemical News, 36, 108. Electrician, 11, 183. 


Association, 
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purity of the gas seemed to have no effect upon the candle power 
given. Fiom his measurements, the maximum fluctuations were 
found to be 1.9 per cent., while 90 per cent, of the measure 
ments lay within 1 per cent, of the mean. Five different op¬ 
erators, using the same burner, made measurements which were 
not so concordant. Their maximum deviation was 3.5 per cent., 
while only 44 per cent, fell within 1 per cent, of the mean’ 
Dibdin found the steadiness of the flame to be affected but little 
by disturbances in the room, etc. This is quite opposed to the 
results of Heisch and Hartley, who had found that small dis¬ 
turbances in the neighborhood caused yery considerable and very 
troublesome fluctuations in the size of the flame. 

Dibdin’s report of 1888 shows the maximum variation to have 
been over 5 per cent., and 80 per cent, within 1 per cent, of the 
mean. He says: u The facts brought out by the inquiry have 
shown that the method of preparing the air-gas is at once easy and 
safe; that the measurement of the volume of gas used is simple 
and reliable ; that the adjustment of the flame height is a matter 
of certainty; its steadiness all that could be desired when due 
care is taken and proper apparatus employed; and that the qual¬ 
ity of the light afforded is precisely the same as that of the 
standard comparison flame.” 

The committee of the British Association, in 1888, reported that 
the pentane standard was reliable and convenient, and fulfilled all 
the conditions required of a standard of light. They found that 
the light was not altered by using pentane of specific gravity of 
0.628 or 0.632 instead of the normal specific gravity 0.630. Out 
of 117 tests which they made, only one showed a variation of one 
per cent., and there were no larger variations than that. 

VIII. 

The Pentane Lamp. 

(Woodhouse and Rawson pattern.) 

In the pentane lamp we have a flame of pentane vapor set free 
from a wick, and burning inside a metal chimney cut away in the 
middle. The height of the flame is adjusted by noticing when 
the point of it plays inside the limits of a vertical slit in the up¬ 
per part of the chimney. The distance between the upper and 
lower parts of the chimney determines the intensity of the light. 
It can be adjusted to give one candle or one-and-a-half candles. 
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Dibdin, in his report in 1888, states it to he remarkably steady. 
The maximum fluctuation which he found was 2.o per cent, while 
97 per cent, of the tests fell within 1 per cent, of the mean. 

The committee of the British Association in 1888 reported that 
out of 118 tests but two showed fluctuations of 1 per cent., which 


was a maximum. 

Ra.wson 1 2 compared the pentane lamp with the glow lamp on a 
photometer bar. lie found for the pentane lamp absolute steadi¬ 
ness for periods of from 15 to 75 minutes. Variations were due 
to two causes: 

(1) The changes of temperature in the air of the room, which 
can be minimized by immersing the lamp-font up to tin* stopper 
in water. 

(2) The escape of pentane vapor through the stopper. This 
may be prevented by placing a drop of glycerine on the stopper. 

Mr. C. IT. Clifford of the Massachusetts Institute of Toehnob 




Fig. ItJ.—ilaruourt Pen tunc Lamp. 

ology 3 compared two pentane lamps with each other and found a 
maximum deviation of 1.57 per cent., while five out of 18 obser¬ 
vations varied by more than 1 per cent, from I he mean. I le says : 
“The Ilarcourt pentane lamp as a legal standard would seem to he 
a satisfactory one as far as mere intensity and constancy of illumi¬ 
nation are concerned, although the uncertain <juality of pentane 
and the care required in using the lamp are undoubtedly objec¬ 
tionable.” 

But a single reliable curve Fig. 15 has been obtained by the 
bolometer for this standard. The great steadiness of the flame 
due to the chimney employed is manifest at once. This form of 
chimney evidently is quite as efficient in this respect as is the 
Oarcel lamp chimney and it is not subject to the disadvantages 
of the latter form. 


1. Elea. World , London, voL xii. f p. 251. 

2. Tech. Quarterly , 1890. 
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The lamp was adjusted to give 1 o. r. and had been burning 
| 4 hours before the curve was begun. During the first nine 
minutes of the curve the height of the flame changed, remaining, 
however, always within the limits of the vertical slit. The in¬ 
tensity changed during these nine minutes by 0.7 per cent, of 
itself. The flame was then readjusted. During the next nine- 
and-a-half minutes a similar change took place, the total variation 
being 2.9 per cent. After a second readjustment the flame settled 
down to a fairly stable condition. The flame height was a trifle 
low at the end of the curve, at which time the intensity had fallen 
to a minimum value of 1.4- per cent, below the mean. At the 
end of the second ten minutes the intensity was 1.4 per cent 
above the mean. Omitting the values at the beginning of the 
curve, which may perhaps not be quite so reliable as the rest, the 
total variation is seen to he 2.8 percent. The changes produced 
in the two readjustments were 8.2 per cent, and 1.4 percent, 
respectively. < >f course, from this single curve nothing can be 
said concerning the reproductibility of the standard. The bolo¬ 
meter shows the intensity of this lamp to be less than 1 o. p., and 
photometric measurements have confirmed this result. 

Weighty objections to this lamp as a standard are the unsta¬ 
bility of the flame under certain conditions, and the lack of a 
well-defined mark at which the flame height can he adjusted. It 
is to these faults that the variations during the first twenty 
minutes of the curve are due. 

Lichent.hal 1 investigated the relation between the height of the 
flame and intensity of the light, finding the following values: For 
the flame point at the bottom of the slit the intensity was 97.9; 
for the flame point one-third of the way up the slit, 99.o ; one- 
half of the way, 100; two-thirds of the way, 99.5; at the top, 
97.5. 

Accordingly he adjusted it at the middle of the slit, taking 
that flame height as corresponding to normal intensity, lie says: 
« Still greater variations of flame height produce changes which 
are not negligible, even for technical purposes. The intensity 
is about eight, per cent, less than normal when the point of the 
flame projects by a small amount (about seven mm.) over the top 
of the slit, and a further decrease of at least seven per cent, is 
found when the flame becomes still larger. More than this, on 
account of the heating of the parts of the lamp, until a certain 

1. Liotimitiml* Ekktndechmmfm 'Mtmhrift, vol. %vi„ p. 655, 
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thermal equilibrium is reached, which is about 30 min. after 
lighting, two things occur:— 

(1) . The flame increases continually so that the wick must be 
steadily lowered. 

(2) . The intensity increases and finally goes over into a con¬ 
stant value which is several per cent, larger than the original 
value. Only when such a stationary condition has been reached, 
and the flame height changes but gradually, can one leave the 
lamp unwatched for a little while without fearing that it may be¬ 
come overheated.” 

By making many photometric measurements, extending over a 
long time, using a glow-lamp as a secondary standard, and by de¬ 
termining each day the hygrometric state of the air, by means of 
an Assmann’s hygrometer, Liebenthal investigated the effect 
upon the intensity of the light which the moisture in the air ex¬ 
erted. From T5 observations of this sort the intensity of the 
Harcourt lamp in terms of the Hefner light as unit can be ex¬ 
pressed by the following equation : 

y = 1.232 — 0.0068 x, 
or y = 1.232 (1 — 0.0055 x\ 

where y represents the intensity, x the watery vapor in liters to 
each cubic metre of dry air, free from carbon dioxide. This 
formula holds good between the limits of observation which were 
from 4 to 18 liters,and gives us a variation of about 0.6 percent, 
per liter of moisture. The mean deviation of observed intensities 
from those computed from the equation was found to be 0.81 
per cent., and the maximum deviation was 1.6 per cent. 

By making observations under varying pressure in a physician’s 
pneumatic cabinet, the following relation between intensity and 
barometric height was obtained. 

A y = 0.00049 (5 — 760), 

where b represents the barometric height in millimetres. 

Hence, to a change in barometric bight of 40 mm. corresponds 
a change in intensity of two per cent. 

The Dutch Light Standard Commission found the Woodhouse 
and Rawson pattern of the Harcourt lamp to be the most promis¬ 
ing form of light standard. They objected to the use of pentane, 
as not being of definite chemical composition, and a modified 
form of lamp was arranged to burn a mixture of 100 parts of 
ethyl ether and nine parts benzol. Their lamp reproduces all 
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of tlie essential features of the Ilarcourt lamp. One important 
modification is that they make the chimney and upper portion of 
the wick tube detachable. This can be placed on a base by which 
illuminating gas can be admitted, lighted and burned until all 
these parts of the lamp have readied a stationary temperature. 
The chimney and wick tube are then replaced upon the font, and 
upon lighting, the lamp is ready to be used in photometric 
measurements. The materials which are burned in the lamp can 
readily bo obtained in a pure state, and are not excessively ex¬ 
pensive. Tiny found that for slight changes in the amount of 
benzol added, when the proportions recommended were approx¬ 
imated to, the intensity of the lamp varied very slowly. Two 
series of ten settings each of two of these lamps against each 
other showed a variation of ± 0.52 per cent, while their inten¬ 
sities were equal. The maximum variation was ± 2.10 percent. 

IX. 

11 kknkk Lamp. 

11 err von Hefner* A Iteneek 1 was led to the construction of the 
lamp which bears his name, as the result of his experiments upon 
simple benzine lamps. These lamps had round flames and large 
chimneys. With them he found excellent photometric results, 
using different grades of benzine as comlmstibles. lie pointed 
out and insisted upon the necessity for using a combustible of 
known chemical composition. Accordingly an investigation was 
made of the intensity of the ilames given by five fuels of differ¬ 
ent chemical composition, including among them commercial 
amylaeetatc. These showed only insignificant differences in in¬ 
tensity us long as the Haines were adjusted to equal heights. He 
concluded from this that the height of the flame is the significant 
factor in defining intensities. 

As a result of this experiment, he proposed the following 
lamp for giving a light of unit intensity. From a metal base 
projects a wick tube of <Herman silver, S mm. in interior diameter, 
(U5 mm. thick, and 25 mm. high. The flame height is adjusted 
at 40 mm. by the use of a u sight,'"ora K Hiss's optical flame 
measure. Tin* wick fills the tube without being com pressed, and 
is arranged ho that its height can be adjusted with nicety. Since 
the combustible, amylaeotate, (J r II l4 Oa, volatilizes at a low tom- 

1. KUktroUehntithe Miwkrift „ vol. Hi , p. 445, and vol v., p. 20. 
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perature, tlie wick does not need to he brought, up to the top of 
the tube and does not char. The lamp should he burnt at least 
ten minutes before being used for photometric purposes. 

The results'of his investigation of the effect of impurities in 
the amylacetate are shown in the following table : 1 

TABLE YIII. 


Amylacetate 
diluted with 

Specific gravity. 

Hourly 
consumption 
in grams. 

Deviation 
from normal 
rate. 

1 deviation 
from normal 
intensity. 


" 


Per rout . 

Pet rent. 

20 per cent, fusel oil. 

0.8645 

9.06 

•*{■* 6.9 

.. 


0.8725 

0.874S 

9 •*■4 

9,88 

— 0.8 

n 

5 per cent, alcohol and 4 per 
cent, castor oil.. 

|~ f.,o 

| Impossible 



|to ttumsure. 

10 per cent, isobutylacetate 
and 10 per cent, amyl- 
alcohol . 

0.869 

0.8408 

0.8735 

9.08 

*{• 39 . 

f 0.4 

50 per cent, alcohol. 

10,95* 

| 40, 

Pure. 

9.318 






His conclusions were that variations in intensity due to (he 
impurities which are most common are unnotieeable, while large 
variations from the normal are deteetible through a change in the 
rate of consumption. Thus the rate furnishes a cheek both on 
the purity of the material and the intensity of the light* 
Liebenthal 2 found that an increase or decrease in the diameter 
of the wick tube by 1 mm. caused a diminution of 1 per cunt, in 
the intensity. Hence the given diameter corresponds to a maxi 
mum intensity. On the other hand, I mm. change in the height 
of the wick tube produced a corresponding change in intensity 
of only 0.2 per cent. 

He investigated also the relation between llame height and the 
intensity of the light emitted. Measuring the flame heights by a 
cathetometer, he found the mean error to bo 0.0H mm, to 0M 
mm. Using the ordinary “flight,” the mean error was 0,5 mm., 
which may increase to 1 mm. if the eye is fatigued. This is 
due to the disturbing influences of the mmdumhmuH mantle 
about the point of the flame. From this cause large errors may 
enter. With Iiriiss’s optical flame measure, the mean error was 
0.3 mm., which corresponds to an error of 0,0 percent, in intensity. 

1. von Hefner-Alteneek: BUktroteehnuche Zeitnchiift, vol, xxv., p. S2H, 

2. Elektrotechnishe ZdUchrift , viii, p. 504, and be, p. 06, taken from Jmimal 
fur Gasbeleuchtung und Wamrmniorgung. 
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The mean variation of flame height during several periods of 
time was the subject of another part of his investigations. His 
results were as follows :— 

Between the 12th and 23d of October, the mean variation of 
the flame height of a lamp, A, was 0.32 mm. 

Between October 24th and 29th the mean variation of A was 
0.19 mm., and of B 0.035 mm. Between October 30th and 
November 30th the mean variation was 0.16 mm. for both A 
and B. 

Finally he found that the intensity of the Hefner light could 
be expressed, with a sufficient degree of accuracy, as a lin ear 
function of the flame height. For heights less than 40 mm., 

TABLE IX. 



Lamp Hu. 
mean Intensity. 

Deviation 
from mean. 

Percentage 

Deviation. 

Mean Error 
of each group. 




Per cent. 

Per cent. 


0.3521 

— 0.26 

— 0.73 

± 0.35 | 


58 

-j- O.II 

-ro.31 

.38 


S 3 

-f- 0.06 

+ 0.17 

•»3 


30 

— O.17 

— 0.48 

•44 


53 

+ 0.06 

-f-0.17 

•32 


56 

+ 0.09 

4- 0.25 

■44 


62 

+ 0.15 

-j- 0.42 

.60 


26 

— 0.21 

— 0.59 

-54 


63 

-f- 0.16 

+ 0.45 

.27 

Means. 

0-3547 


± 0.40 

± 0.40 


this is represented by the first of the following equations; for 
heights greater than 40 mm., by the second:— 

* = 1 + 0.025 (h — 40). 
i—l — 0.034 (40— K). 

The exact relation which he found is shown in Fig. 14. 

Investigations for the purpose of determining the value of 
the illuminating power of the G-erman standard candle, in terms 
of the Hefner light, Lummer and Brodhun 1 compared four Hef¬ 
ner lamps with a glow lamp. They obtained data in Table IX, 
concerning one of the lamps. These results show what degree of 
accuracy can be expected of this standard. From the intensity 


1. Zeitschrift fur InstrumentenJcunde, vol ix, p. 119,1890. 
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as given by them, the deviation of each set of measurements 
from the mean intensity has been computed, and this deviation 
has been reduced to percentages. 

The intensifies of the other lamps were as follows: 

T TT (0.3545 T rr (0.3539 T tt 

Lamp H, | q gggg Lamp H m | q gggg Lamp H IV 

Mean intensity of H,, H n and H m was 0.3547. 

Mean error was ±0.13 per cent. 

The deviation of the intensity of H IV from the mean of the 
other was 3 per cent. The inner diameter of the wick-tube of 
H IV was 8.22 mm., and hence the deviation of its intensity from 
the mean of the others confirms Liebenthal’s observation as 
noted above. 

The conclusions which were reached as a result of the official 
tests of the Hefner lamp at the Eeichsanstalt, are as follows: 1 

a Investigations have shown on the whole a favorable result. 
The intensity is not dependent upon dimensions of the lamp in 
such measure as to demand too much of the maker; the thick¬ 
ness of the walls of the wick tube is of importance, since if they 
are too thick the intensity is lessened, while if they are too thin 
the flame no longer burns steadily. A degree of purity of the 
combustible which the chemist cannot easily reach is unneces 
sary, while impurities can be detected- by simple tests. Less 
favorable is the dependence of the intensity upon the surround¬ 
ing air, the presence of carbon dioxide having a strong influence. 
For the setting of the height of the flame either the “sight” or 
the optical measure may be used; whichever is used, it should be 
adjustable.” 

Liebenthal 2 investigated the variations in intensity of the Hef¬ 
ner light as dependent upon hygrometric state, pressure, and 
amount of carbon dioxide in the atmosphere. The method in 
which this investigation was carried out has already been indi¬ 
cated in our discussion of the Harcourt lamp. He took a series 
of observations extending through 12 consecutive months, of the 
intensity of the Hefner light as compared with a glow lamp 
measuring each day the hygrometric state. 

The glow lamp had previously been used for a long series of 
tests of many Hefner lam ps and so its intensity in terms of that 

1. ZeiUchrift fur Instrumentenkunde, vol. xiii., p. 257. 

2. Elektrotechnmhe ZeiUchrift, vol. xvi., p. 655. 


( 0.3468 
1 0.3455 
( 0.3452 
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unit was well known. From the table which is given, it can be 
seen “ that the Hefner lamp in March, April and May, also in 
Oct. and Nov. had an intensity almost equal to 1, while during 
the months of June to Sept, its intensity was on the average 2 
per cent, smaller, and in the months of Dec. Jan. and Feb. it 
was larger by about the same amount. To be sure, the varia¬ 
tions in the single months are'not insignificant. For the month 
of May for example, the variation was in the neighborhood of 
five per cent. The least intensity, 0.948, occurred in July, and 
the greatest, 1.083 ; in Jan. and Feb. moreover the variation of 
the light intensity during the year under consideration amounted 
to 8.5 per cent. 55 

“Further, it is to be noticed that during this year the mean 
deviation of the intensity from that obtained from the previous 
calibration of the glow lamp was ± 1.78 per cent. 55 

u The graphical representation as well as the computation by 
the method of least squares shows that the intensity, y, of the 
Hefner lamp can be represented with great accuracy as a linear 
function of the moisture of the air, x. We have, between the 
investigated values of hygrometric state of from three to 18 
liters, 

y == 1.049 — 0.0055 a?, 
or y = 1.049 (1 — 0.0053 x). 

“The intensity decreases uniformly with increasing moisture by 
an amount equal to 0.55 per cent, per liter. The difference be¬ 
tween the observed variations in intensity and those computed 
from the equation, is at its maximum 0.9 per cent, while its 
mean value is ± 0.41 per cent. In the original definition of the 
light unit the moisture of the air was not taken into considera¬ 
tion. Since the deviations which follow from this are in the 
mean ± 1.78 per cent, the original definition of the Hefner light 
is sufficient for almost all technical purposes. If one wishes a 
greater accuracy, some datum concerning the hygrometric state 
of the air must be inserted in the definition of the light unit. It 
would be necessary then to determine for what proportion of 
moisture the intensity of the Hefner lamp should be taken equal 
to 1. On practical grounds, it is advisable to select for this a 
mean va-lue ; accordingly that hygrometric state was taken as 
normal, which made the above measurements give a value for 
the intensity of the glow lamp which was in exact accord with 
the previous extensive calibration of the same, namely, 8.8 liters 
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per oil. ra. of dry air. The light unit designated hv the fieieh- 
sanstalt in its official tests as the Hefner light is accordingly, 
taken exactly, the intensity of the Hefner lamp when the hygro* 
metric state of the air is such that there are S.S liters of moisture 
per cu. m. of dry air.” 

The influence of pressure changes between the limits of 73fmun 
and 775mm. is shown to be a small one. If we (‘.all A y the change 
in intensity corresponding to the barometric height h, we have: 

A y 0.0032 — 0.00011 (b — 730) or 
A y = 0.00011 {!> — 760). 

This represents a variation of 0.1 percent, per centimetre. 

“To determine the influence of carbon dioxide, four series of 
observations have been carried out in the following way. Into 
the well-ventilated photometer room carbon dioxide was admitted, 
from a cylinder of the gas, and simultaneously with the photo¬ 
metric measurements, the proportion of carbon dioxide, was 
found by HempePs method, the moisture also being determined. 
If we represent the intensity by ;/ and the proportion of carbon 
dioxide in liters per cu. metre of dry air by x', the following 

formula holds between 0.6 liter to 13.7 liters carbon dioxide -. 

y' = 1.022 — 0.0072 x', in which the first constant on the right 
side of the equation refers to the intensity corresponding to the 
mean hygrometric state. Accordingly a variation in the amount 
of carbon dioxide by one liter, causes a variation of the intensity 
by 0.0072 Hefner light, that is by about 0.7 per cent” 

“From a comparison of the formulae for moisture and carbon 
dioxide we see that equal volumes of watery vapor and carbon 
dioxide lower the intensity in unequal ratios, which are to each 
other as 1: 1.30. Therefore volume for volume, the carbon 
dioxide influences the intensity to a greater degree than the wat¬ 
ery vapor. Yet in reality the influence of the carbon dioxide is 
slight compared with the influence of the moisture on account of 
its smaller quantity. In the freshly ventilated photometer room 
of the Reichsanstalt the proportion of carbon dioxide in the air 
varied between 0.62 and 0.93 liters; to this variation corresponds 
a change in intensity of 0.2 per cent, which is quite within the 
limits of the errors of observation.” 

“We see therefore, that in a sufficiently large, woll-vontilated 
photometet loom, the carbon dioxide does not exercise a damag- 
ing effect. Very small rooms, especially all enclosed photometric 
apparatus may give rise to considerable errors, since the air in 
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them is very soon vitiated to a marked degree by the addition of 
watery vapor and carbon dioxide, and by the removal of oxygen.” 

By other than (xermaii photometrists the Hefner light has been 
shown rather scant favor, the chief objection to it being that the 
flame is too red in color. Dibdin indeed, made a rather extensive 
test of it, and found excellent results as far as steadiness goes, 90 
per cent, of the tests being within one per cent, of the mean, and 
this in spite of the fact that he took the perhaps unwarrantable 
liberty of increasing the flame height to 51 mm., to make the in¬ 
tensity of the lamp equal to that of the British candle. The com¬ 
mittee of the British Association found only four among 118 
tests, which deviated more than two per cent, from the mean, 
and 11 which deviated more than one percent, from the mean. 

The Dutch (lornmission, to which allusion has already been 
made, dismisses the Hefner light from consideration because of 



the instability of the flame. Tiny found the following values for 
deviation in intensity. Kora, lamp using the optical flame mea¬ 
sure, the mean deviation was ± 0.71 percent, and the maximum 
deviation t 2.SO per cent. : for a lamp using a sight the corre¬ 
sponding values were 1 1.08 percent, and ± 4.82 per cent. 

The bolomeirie investigation made by your committee upon 
the Hefner lamp is entirely corroborative of the previous tes¬ 
timony concerning tin* accuracy and steadiness of that standard. 
Typical results are given in Kig. 15. 

Curve VII. of this figure was taken when a window in the 
farthest corner of the room was raised about 2 cm. Curve VII* 
(a) was begun 25 minutes after the end of V1L, the lamp having 
burned during the interval, and the flame having been readjusted 
in height. Tin* window was closed. The marked difference be¬ 
tween the two curves is due to the stoppage of this slight draft. 
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In taking curve X., the sensitiveness was adjusted at ?/> 5 or 
about double the standard sensitiveness for the other testa If th* 
candles and of the Hefner lamp. Then a computation was 
made, from the law of inverse squares, of the distance at which 
it would be necessary to place the lamp in order to produce the 
ordinary deflection. The fact that the ordinates of this curve 
agree with those of the curves taken with a sensitiveness of 16.2 
shows that the method of getting the sensitiveness by taking 
only first throws of the galvanometer needle, was an allowable 
one. 

The length of time that the lamp had been burning, when 
curves VIII., XI., XII., and XIA r . were begun, was 20 minutes 
or less. Each of these curves shows a gradual increase in the 
amount of radiation. This emphasizes the advisability of light¬ 
ing the Hefner lamp a considerable time before it is to be used 
in photometric work. 

It is to he understood that 5 in the case of each of these runs, 
except the one when curve VIII. was taken, the greatest care 
was exercised to have the room as quiet as possible. Curve 
VII. was the first of the Hefner lamp curves taken, and the 
need of extraordinary care in excluding drafts of air was not 
appreciated. 

Data concerning the curves in Fig. 15 are given in the follow¬ 
ing Table X. 


TABLE X. 



Time : 
Minutes on 
curve. 

-* 

Mean 
ordinates 
and their 
mean. 

Deviations 
from the mean 
ordinate of 
the curve. 

Deviations 
reduced to 
percentages. 

Deviations 
from mean 
ordinate of all 
the Hefner 
lamp curves. 

Deviations 
from general 
mean reduced 
to 

percentages. 

Curve MI. 

f 

o-S 

5-io 

10-15 

15-20 

20-25 

25-30 

38.81 

40.02 

39-64 

39- I 9 

39*°3 

39.19 

—0.50 

+0.71 

+0.33 

—0.12 
—0.28 
—0.12 

—1.27 
+1.81 
4-0.84 

—0.31 
—0.71 
—0.31 

+0.17 

+1.38 

4-1.00 

4 - 0.55 

4-0.39 

4 o .55 

- 

-0.44 

- 3.57 

- 2.59 

-1.42 

-I.OI 

-1.42 

39 - 3 i 




30-35 

39-96 

j-0.44 

4 -x.n 

+ 1 *! 2 

-fi.63 


- 3-42 



AG—A C 

40.27 

30 83 

°-75 

— —1 .go 



Curve VII. 


45-50 

50-55 

55-60 

60-65 

65-70 

jy *°3 

39-54 

39-09 

39-03 

39*19 

39.27 

- -0.31 
-j-0.02 
— 0.43 
—0.49 
— 0-33 
—0.25 

O.79 
4 - 0.05 
—1.09 
—X.24 
—0.84 
—0.63 

--1.19 

—0.90 

-0.45 

--0.39 

-- 0-55 

--0.63 

" 

-2.33 
-1.16 

-I.OI 

-1.42 

-1.63 

39*52 
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The highest point on the Hefner curves is 1.093 of the mean, 
and the lowest is 0.867, giving a total deviation of 22.6 per cent. 
This large deviation is not so significant, however, as a similar 
one in the case of candles, since in dealing with the Hefner lamp 
we have to do with an adjustable flame, and these fluctuations 
may indicate only that a slight readjustment was needed. 

The most important question in regard to the Hefner lamp is 
the accuracy with which it can be adjusted to its normal light 
intensity. Some idea may be formed of this by noting in Table 
II. the percentage deviations of the first five minutes of each of 
the curves from the mean ordinate of the first five minutes of all 
the curves. The maximum deviation will be seen to be 8 per 
cent,, while the mean deviation is 2.3 per cent. 

Curves XI., XI. ( a ), XI. (&), XI. (c) show the results of suc¬ 
cessive attempts to adjust the height of flame to just 40 mm., 
the wick having been lowered between each one. No zero and 
sensitiveness readings were taken between the beginning of XI. 
and the end of XI. (c). 

They are of special value to show the accuracy with which the 
flame can be adjusted under given unchanging conditions. 

From the numerical data upon which these curves are based, 
the following table of mean ordinates has been compiled. 


TABLE X (a). 


Curve. 

Mean ordmate. 

Deviation from mean. 

Percentage deviation. 

XL ( 5 m) 

39-42 

— 0 14 

— 0.35 

XL (a) 

39 37 

— 0.19 

— 0.48 

XI. {b) 

40.00 

+ 0.44 

+ 1.11 

XI. (c) 

39 46 

-— O.IO 

— 0.25 

TVT wn 


Mean.. 


1 

1 


If, now, the assumption be made that the light-giving efficien¬ 
cies of the English and German candles and of the Hefner lamp 
are equal, it is possible to get their relative intensities by a com¬ 
parison of the mean ordinates of their curves. Seducing the 
deflections as read on the telescope scale to angular measure and 
taking double the tangents of these angles, we have for the true 
deflections the following values:— 
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British candle = 41.06 
German candle = 50.40 
Hefner light = 38.66 
from these values we get the following ratios : 

German candle __ . 

British candle ‘ ^ 

- g e f n f =0.9*15 

British candle 

Various determinations of - Hefner light arg • n in TabI 
__ -British candle 

X(b). 


TABLE X(b). , 

OBSERVER. HEFNER. 

, or /ii, British Candle, 

bnarp. Candles reduced for rate.. 

1 Sharp. Candles reduced for flame height. 0.892 

2 Sharp & Turnbull. Integration of energy curves.0 941 

.*.. 9g 

3 Reichsanstalt investigations, mean value. p g70 

A Netherland Photometry Commission. 921 

36 S. Schiele. Mean value.. q ggy 

The value 0.94 rests on the assumption that the radiant effici¬ 
encies of the candle and Hefner flames are equal. Since the 
Hefner flame is distinctly redder in color than the candle flame 
its radiant efficiency is probably smaller, and consequently the' 
value 0.94 is too large. A difference in the radiant efficiencies 
of the two sources of less than 0.2* would serve to bring this 
value down to 0.SS. The preponderance of evidence in favor of 
the value 0,88 is very great. It is probably true that the very 

mihfhv Part IV °V h !\ re P° rt ' The intensity of a Hefner lamp was deter- 
ned by comparing it with the glow-lamp used throughout this investigation 

zzslst of *»«w knojrrr; 

2. Vide supra. 

3 . This is the mean of a long series of determinations made by different ob 

servers at different times using candles from various sources Tbf ® 1 
ments were taken at normal flame height of 45 mm See twi v f®" 
Hefner Lampe. Zeitschrift fur Instrumentenkunde 13 p. 257 ** ** 

4 . An abstract in German by Kriiss will be found in the Journal fiir 

leuchtung und Wasserversorgung. 1894. ^ ur ® as b e " 

5 . Schiele. Report of committee on the comparison of the Tfefnov 1 j 

p.« ». " 4 - 
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best way we have at the present time of determining candle 
power is to nse the Hefner lamp and then to reduce by the use 
•of this ratio. 

X. 

Platinum Standards. 

(1) I ho Violle Standard }—\ iolle conducted a long series 
of experiments upon this radiation of silver and platinum raised 
to various temperatures, and investigated also the light emitted 
by these metals when, after being melted, they have just reached 
the point of solidification. For platinum he obtained by the use 
-of the thermo-pile, a curve of cooling. 

This shows that molten platinum cools very rapidly at first, 
hut as it nears its point of solidification, its rate of cooling 
becomes much slower and just upon solidification, there is a sud¬ 
den rise in the intensity of radiation. After this, the cooling 
goes on rapidly once more. Violle’s proposition fora light stand¬ 
ard is this: He would define the unit of light as the light radiated 
by one square centimetre of platinum at its point of solidification. 
He melted the platinum by the use of the oxy-hydrogen blow 
pipe. A hollow cylinder through which cold water is circulat¬ 
ing and which is pierced by an aperture one square cm. in size, is 
then passed above the molten metal. The light is reflected along 
the photometer bar, and its changes of intensity are followed by 
means of the photometer. The setting which is made at the time 
of the final increase in radiation (eclair) is the one which is taken 
as representing the intensity of the standard. FromViolle’s mea¬ 
surements, a very good result was obtained for this standard. Un¬ 
fortunately, however, he used the Carcel lamp as a comparison 
standard in much of his work, and the deviation of his various 
measurements of the intensity of the platinum standard may be 
due entirely to his comparison standard. 

But few physicists have investigated this unit, the reason prob¬ 
ably being that it is so expensive to install and difficult to oper¬ 
ate. At the Eeichsanstalt, 2 investigations have been made by 
Lummer and Kurlbaum, in which the platinum was melted by 
Violle’s method, and also by the use of an electric current. Their 
definitive results have not been published, but it has seemed ad¬ 
visable to them to abandon the use of the Violle standard as 
impracticable. __ 

1. Violle, Annales de Ohem. et de Phys., Ser. 6, vol. iii., p. 373. 

2. Lummer and Kurlbaum, Elektrotech. Zeitschrift, vol. xv, 1894, p. 474. 
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Many attempts have been made to substitute for the large mass 
of platinum which Violle used, a thin strip, and to take measure¬ 
ments upon the platinum at its melting point rather than at its 
point of solidification. None of these has led to very favora¬ 
ble results. The best one probably is that proposed by Siemens. 
This has been carefully investigated at the Reiehsanstalt. Hun¬ 
dreds of meltings were made, the greatest precautions being al¬ 
ways employed, but the deviations were found to be as large as 
10 per cent, or more. The conclusion reached from this by bum¬ 
mer and Kurlbaum is that thin platinum foil, when heated elec¬ 
trically, often tears apart long before the whole of the radiating 
surface has reached the melting point. 

Mr. C. R. Cross 1 investigated the radiation from platinum 
wires of various diameters when brought to the melting point by 
the electric current, and came to the conclusion that the fusing 
point depended upon the previous history of the platinum, the 
gas occluded, etc. 

Draper, Schwenler and others have proposed as a light stand¬ 
ard, the light emitted from the surface of a platinum foil of del'- 
inite dimensions when a given amount of electrical energy is 
being expended in it. None of these suggestions have led to 
any practical result. 

(2) The bummer and Kurlbaum Plathuun Unit. From their 
previous investigation of the Violle and Siemens standards, 
bummer and K u rlbaum 2 concluded that absolutely pure platinum 
should be used as a radiating surface. They found that even a 
rough surface of the same became white when incandescent, ami 
that moreover the platinum tended to purify itself when repeat¬ 
edly heated and cooled. On the other hand, it would seem that 
the fixed temperature could he neither the melting point nor the 
solidifying point of the platinum, so that a method of defining 
the temperature of an incandescent, platinum surface was sought 
for. These observers appear to have reached the end soudit,, 
even though the light unit obtained has not entirely fulfilled 
their wishes in respect to simplicity. “ It demands,” they say, 
a complicated arrangement of delicate apparatus, and ’great 
experimental skill.” _ They define the unit of light as that omitted 
>y one s quare centimetre of incandescent platinum when the 

1. La Lumiere Mectriqm, 22, p, 0()T, 

p. 474 LU,nmer Md KUllbaUm : mektruUch,lM « XeiUchrij t, vol. xv. (IHIMt. 
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:ratio of the portion of its radiation transmitted by a specially 
designed water cell to its total radiation is equal to y 1 -^. The 
platinum foil is stretched beneath a suitable covering arranged to 
make uniform the currents of air, and is heated by an electric 
current from storage batteries. The current required is from 
50 to 80 amperes. By the introduction of resistance, the current 
is adjusted to such an intensity that the radiant efficiency be¬ 
comes such as desired. In front of the platinum foil is a tube 
pierced with an aperture one square centimetre in size, and cooled 
Toy water circulation. The water cell is made of a cylindrical 
-glass ring, closed by two parallel quartz plates. The quartz plates 
are each one mm. thick, and the thickness of the layer of water 
is 2 cm. The bolometer used, is that constructed by Lummer and 
IKurlbaum for such work, and consists of very thin platinum foil, 
•which lias been cut away in the form of a grid. 

The standard which carries the platinum foil, is made to rotate 
Through 90°, so as to face either the bolometer or the photom¬ 
eter. Comparisons of the intensity of the light were made with 
a, glow lamp by means of the Lummer-Brodhun photometer. In 
determining the constancy of the radiation of the gloving platinum 
The bolometer was used. Throws of the galvanometer were taken 
a-t intervals of one minute, the result showing an admirable degree 
of constancy. In determining the radiant efficiency, the throws of 
The galvanometer showing the total radiation,and radiation through 
The cell were taken with the bolometer at such distances from 
The platinum foil that the galvanometer throws would be equal 
In the two cases; that is, the distances were in the ratio of 1 : 4/10. 
In this way any errors due to the peculiarities of the galvanom¬ 
eter used were eliminated. It was found that an error of one 
per cent, in determining the radiant efficiency corresponded to an 
•error of three per cent, in the intensity of light. Investigation 
of the radiation from chemically pure, and from commercial pla¬ 
tinum foil showed a difference between them. At a high tem¬ 
perature the impurities of the commercial foil evaporate, so that 
The surface does not remain perfectly smooth, while the surface 
of the chemically pure foil becomes mirror-like. Reproductions 
of the standard could be made with chemically pure foil within 
one per cent.; with the commercial foil on the other hand, devia¬ 
tions of from two to three per cent, occurred. The aperture in 
the diaphragm could be measured within 0.01 mm. which cor¬ 
responds to 0.2 per cent, change in light intensity. The cosine 
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law of radiation was found to be followed with such accuracy 
that no error resulted when the foil was not exactly parallel to 
the diaphragm. An error of 0.1 mm. in the thickness of the- 
quartz plates of the water cell produced an error in the light in¬ 
tensity of 0.1 per cent., while an error of 0.1 mm. in the thick¬ 
ness of the layer of water produced an error of one per cent. 

The greatest difficulty arose from the selective absorption of 
the material with which the bolometer strips were blackened. It 
was found to be impossible to get consistent results for the radi¬ 
ant efficiency with various bolometers - covered with lamp-black, 
on account of the lack of uniformity in the thickness of the lamp- 
black covering on the different bolometers. A good result was 
obtained, however, by coating the bolometer strips with an elec¬ 
trolytic deposit of platinum black. A solution of definite com-- 
position was made, the bolometer strips and platinum strips were 
immersed in it, and a certain definite current was passed through 
tor a definite time. 1 This resulted in a coating which was abso¬ 
lutely uniform, and has enabled consistent results to be obtained 
for the radiant efficiency. The conclusion reached as the result 
of tnese experiments is, that by using such apparatus and by 
taking careful account of all possible sources of error a light 
unit is obtained which can be reproduced within one per’cent* 

XI. 


An isolated portion of the crater of the positive carbon of tin 
arc las been suggested both as a primary and secondary standard 
he^suggestion came from Swinburne and S. P. Thompson inde 
pendently m 1892, and in a paper 2 read at the Electrical Con- 

the TiolkT?’ Ae ktt f Urg6S itS ado P tion as a substitute foi 
tiie \ idle platinum standard. 

an Jt a - t'f Hght 8mitted fromtlie crater is constant in quality 
and brightness was pointed out as early as 1818, by Capt. Abney 

Recent measurements by Yiolle indicate a constant intrinsfc 
_ ghtness quite independent of the power e xpended in the arc. 

ehl 1 on^i a p MtTwater°80 Darts -T*’ ^ S ° lution is as follows 1 Platinum 
4.000 parts water. The’ temperature acetate enou S h to make one part to- 
4 volts ; the current 0.25 ampere The c, ? t n 2 °° 5 the E ’ M 

The bolometer strip is placed het^ ™ allowecl to P a ss tor 2 minutes, 

sides are equally bkckene 1 f 80 that both 

2- “Proe. of the Intematio^iTl ^ea^Congressy^^'lsf. 71 ^”^^^' 


ft 

f 
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His experiments were conducted between the wide limits of 10 
and 400 amperes and corresponding power values of 500 and 34,- 
000 watts. Throughout this range Yiolle found the spectro¬ 
photometer to show no variation in quality of light emitted—a 
result which was corroborated by a photographic method. These 
results lead Yiolle to announce absolute constancy in the tempera¬ 
ture of the crater surface—a constancy which he believes to be 
due to a true ebullition of the carbon at this point. This view is 
in accordance with those advanced by S. P. Thompson. 

The temperature of the positive carbon Yiolle has determined 
to be 3,500°. This value, obtained by a calorimetrical method, 
must be considered as only approximate, owing to lack of knowl¬ 
edge of the specific heat of carbon at this extreme temperature. 

To Blondel 1 is due the first attempt to put this standard into a 
working form. In the form of lamp adopted by him, an ob¬ 
liquity of 40° to 60° from the vertical is given to the crater sur¬ 
face by inclining the carbons about 20° from the vertical. The 
extent of the incandescent surface exposed is regulated by a 
diaphragm pierced by holes of different sizes, any one of which 
may be brought behind an opening in the screen by a simple ro¬ 
tation. The screen is cooled by a stream of water as in the 
Yiolle standard. For arc light photometry an opening of one 
square millimetre is recommended. The illumination on a screen 
4 m. distant is then about 10 candle-metres. The best results are 
obtained by maintaining an arc of 5 mms. with a current density 
of 0.2 ampere per square mm. It is, of course, essential that the 
operator satisfy himself that he is getting light from the region 
of maximum brightness before making a photometer setting. 
This is ensured by momentarily dropping a small lens in front of 
the hole and projecting an image of the carbon points upon a 
screen placed at right angles to the photometer bar. Blondel has 
determined the intrinsic brightness of this source to be 158 
candles—the extreme figures in his measurements being 150 and 
163. 

With reference to this standard, a question of paramount im¬ 
portance is that of the influence of the quality of the carbons 
upon the intensity. Since the impurities are volatilized at a re¬ 
latively low temperature, a surface of pure graphite is left as the 
light-emitting coating of the crater, and it might be supposed 
that moderate variations in the quality of the carbons would be 


1. Blondel, “Proc. International Elec. Congress,” p. 323. 
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without effect on the intensity of the light emitted, illondel’s 
researches in this direction indicate the contrary. For cored car¬ 
bons he obtains values as low as 130 candles” for the intrinsic 
brightness. Even with homogeneous carbons there is a consider¬ 
able variation—so much, indeed, that the utility of the device for 
anything but a secondary standard for arc light photometry is ex¬ 
ceedingly doubtful. ' ' 

Bolometric curves of an improvised arc standard consisting of 
a_8chiickert focussing arc lamp with oblique carbons, in froid of 



minotm 5 *>•- -A .—5g> 

Fro. 16. Between the points a and » them was a time interval of ao.fi minulos. 

which a diaphragm was mounted, are shown in Fig Id It 
would not be fair, perhaps, to claim that in this e perime the 
conditions proposed by Blondel wore successfully 'fulfil od t 

s"?n r;t :r oi v th ? a ~ bie ^ t i> 

tive “f the “I” TT ° Mm ,nay 1,0 ““ *> 
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XII. 

Kerosene Oil Lamps. 

These lamps have been quite extensively used as secondary 
standards, and have been usually found very satisfactory. 

Heim, 1 in studying the efficiency of various sources of light, 
used a kerosene lamp as a secondary standard, with good re¬ 
sults. 

A screened kerosene student’s lamp has been found to give 
good results when used in the Edgerton photometer. 2 3 4 The 
screen was pierced with a round hole 12 mm. in diameter. With 
•different kinds of kerosene, there was a slight difference in in¬ 
tensity. A series of ten observations, each with flame height 
varying from 65 mm. to 30Q mm , showed a maximum variation 
in intensity of only 5 per cent. Changes in flame height amount¬ 
ing to from 12 to 25 mm. made inappreciable differences in in¬ 
tensity. The chimney used had a considerable influence on the 
intensity. 

Herr von Hefner-Alteneck 8 has emphasized the points of ex¬ 
cellence of kerosene lamps, claiming that they are superior to 
the Carcel lamp. 

4 In some of the measurements of the intensity of a candle 
as a function of the height of its flame, a kerosene lamp with an 
Argand burner, similar to the ordinary student lamp burner, was 
used. The upper part of the chimney was covered by a tightly- 
fitting cylinder of ferrotype iron, in such a way that the top of 
tlie flame was entirely hidden. This furnished a very steady 
source of light, after it had been burned long enough for the 
parts to become thoroughly warmed, and its intensity was unaf¬ 
fected by slight adjustments of the height of the flame, provided 
•only that the flame was always high enough. Its intensity varied 
enough from day to day, however, to make its indications unreli¬ 
able without a daily calibration. 

A convenient form of kerosene lamp requiring no chimney, in 
umany ways suited to photometric purposes, is the Hitchcock 
mechanical draught lamp, made at Watertown, N. T. 

1. Heim, Lumibre Electrique , 26, p. 220. 

2. Polytechnic Review , 1878, 5, p. 161. 

Dingier's Polytechnisches Journal , 229, p. 48. 

3. Von Hefner-Alteneck. Elektrotech. Zeitschrift , 4, p. 445. 

4. Sharp. Phys. Rev. Fart IV of this Report. 
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XIII. 

The Cakcel and Keats Lamps. 

TheCarcel lamp has been in use for very many years in France* 
and in the hands of experienced operators it is capable of yielding 
good results. The combustible is colza oil, the normal rate being 
42 grams per hour. The most exhaustive tests of its behavior are 
those of Audoin and Berard, 1 made under the directions of Dumas- 
and Regnault. In these experiments the effect of the height of 
the wick, its nature and the height of the contraction in the 
chimney were studied with reference to the consumption of oiL 
The results indicate that it is unjustifiable to take the intensity 
as proportional to the rate of burning unless these variables are- 
very carefully looked after, that is to say, unless the lamp is- 
always used under conditions which it is very difficult to maintain, 
constant. 


- — - — 

XV 

1 


XV 


1 






1 

1 





20 m. 

Fig. 17. 


In countries other than France, the Carcel lamp has met with- 
little favor, the results of tests showing considerable variations in 
behavior Dibdin’s results (1888) show a mean deviation from 
33 sets of observations of 1.34- per cent., disregarding signs. The 

maximum was 4.1 per cent., 32 per cent, of the tests being within 
one per cent, of mean. 

The Keats lamp shows a better behavior. Thus Dibdiu found 
per cent, of his observations within one per cent, of the mean 
and a max.mum variation of 3.4 per cent. On the strength of 
these comparabve results he rejects the Carcel lamp in fafor of 
the Keats. II,s report of 1888 shows, for the Keats lamp a maxi¬ 
mum deviation from mean of 9.4 per cent., 39 per cent, of the ob- 

~ 7 S r ° ne per cent of mean He says: “ The 
Keats lamp has been tried most thoro ughly, but has failed in, 

1. A males de Chemie et da Physique, 3d. series, rolSI. ~ ' 
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practice to realize all that was formerly hoped for it, not so much 
from any inherent defect, as from the severe trial it makes, as 
compared with other systems, upon the patience of the observer.” 

Figure 17 contains a curve which is typical of the behavior of 
this source of light. It will be noted that the rapid fluctuations, 
characteristic of naked flames are almost absent. 

The curves obtained in the study of the Carcel lamp all show 
clearly the great gain in steadiness of the flame resulting from the 
use of a proper chimney. The deviations were, for the most part, 
no larger than the swings of the galvanometer when the bolom¬ 
eter was unexposed to radiation. The variations extending over 
a considerable period of time are, however, by no means inconse¬ 
quential. In the course of one test there was a total deviation 
in the mean ordinates of the five minute periods of 5.1 per cent., 
taking place in ten minutes. Another experiment shows a devia¬ 
tion of less than 0.8 per cent, in 35 minutes, and this is perhaps a 
more typical illustration of what may be expected from this lamp 
when burned under the best conditions. The highest and lowest 
points on any of the Carcel curves are 29.9 and 25.4 respectively, 
corresponding to deviations from the mean of the curves of + 5.7 
per cent, and — 12.5 per cent., or a total of 18.2 per cent. The 
maximum deviations, for periods of five minutes, are + 5.3 per¬ 
cent. and — 8.4, giving a total of 13.7 per cent. 


XIY. 

The Acetylene Flame. 

A preliminary report has already been made to the Institute on 
the use of the acetylene flame as a light standard . 1 

In France, Violle has given some attention to this standard, 
and has published a note concerning it. 2 The latter recommends 
the use of a flat flame, maintained at a pressure of 30 cm. of 
water, the gas being mixed with air drawn in at the base of the 
burner The entire flame may be used as the light source, or it 
may be screened to any desired amount. Under former condi¬ 
tions a consumption of gas of 58 litres per hour is reported as 
furnishing a light twenty times that of illuminating gas in an or- 

1. Fessenden, Transactions, p. 507, June-July, 1895 

2, Comptes Rendus, Jan. 13, 1896. 
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dinary burner. The distribution of luminous intensity in the 
spectrum of acetylene is found to coincide quite closely with 
that of platinum at the melting point. 

XV. 

Incandescent Oxides. 

Concerning the sources of light which depend upon the incan¬ 
descence of a glowing metallic oxide, a sufficient amount of 



work has been done to show that, as a class, they possess a prop¬ 
erty fatal to their use as light standards. Thin property may be 
illustrated by means of measurements made by a member of the 
Committee on Light Standards,, 

t. Nichols and Crehore, Phy. Itev., vol. i, p, 161. 
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In these measurements, the radiation from the glowing oxide of 
calcium, namely, from a cylinder of the Drummond lio-ht 
brought to incandescence by the action of the oxy-hydro°en 
flame was tested by means of the thermo-pile and galvanometer. 
The intensity of radiation, as determined by means of the de¬ 
flection, was measured as function of the time from the instant 
of ignition, for a period of fifty minutes. Similar curves were 
taken for the radiation capable of passing through water cells, 
which were interposed between the thermo-pile and the cylinder! 

From the results, shown graphically in Fig. 18, there is" seen to 
be a rapid and continual falling off in intensity, which, in the case 
of the total radiation, amounts to 60 per cent, during the first 
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Fig. 19. 


twenty minutes after ignition. This.continues, but with decreas¬ 
ing rapidity, throughout the remainder of the time. At the end 
of fifty minutes, the intensity of radiation in terms of the in¬ 
itial intensity is about 27 per cent. Ey plotting the ratio of the 
curve of total radiation to that of luminous radiation, we obtain 
the radiant efficiency of the lime light as a function of the time., 
Wore tliis curve a horizontal line, the conclusion would be that 
the quality of this source remained a constant, although the 
amount of light which it sends forth diminished. The curve 
which is given in Fig. 19 indicates, however, that the initial ef¬ 
ficiency, which amounts to about 15 per cent., falls off in the 
course of fifty minutes to less than 9 per cent. The former cor- 
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responds to the radiant efficiency of the magnesium light, a value 
which is in accordance with the character of the light emitted by 
the freshly ignited lime. The latter shows a degree of incan¬ 
descence inferior to that of the ordinary are light. This change 
is in complete corroboration of the results of earlier photometric 
tests of this source. 1 

The measurements were supplemented by a photometric study 
of the lime light in the course of which the decadence of three 



TIME 

Fin, 20. 


typical wave lengths was computed as a function of the time. 
These were, violet wave length 418, green wave length and 
red wave length 602. Measurements of these regions of the 
spectrum during 30 minutes from the time of ignition, gave a 
curve the character of which is indicated in Fig. 20. It will ho 
seen tha t in all thre e cases there is a very rapid diminution of 


*; T , „ g ’. Amw “*" Academy of Arte ami Steam,” vc 

Nichols and Iranklin, Arn&rtcan Journal of Scimm, vol. BB, p, 10a. 
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llgl ‘ t ' The fa ” 1D ? off of * e value amounts to more than 80 per 
cent, during 30 minutes. From these values, and from a complete 
study of the spectrum of lime under the conditions which it 
reaches after 30 minutes, it is possible to plot curves showing the 
relative distribution of light in lime light and gas light at differ¬ 
ent times after ignition. In Fig. 21 a set of such curves are »iven 
which show graphically the manner in which the lime light falls 
•off in intensity and varies in quality during the first half 1hour of 
^incandescence. These curves are very similar to those which 



have been obtained with oxide of zinc heated electrically to a 
temperature of 1,000° h 

Cursory observations, made in cases where disks of magnesium, 
oxide and zircon had been substituted for the lime, showed analo¬ 
gous behavior, although there seemed to be reason to believe 
that the decadence was not so rapid as in the case of lime. 

1. Franklin, Amer. Journal of Science, vol. xxxviii., pp. 103. 

See Nichols and Snow, Philosophical Magazine , (5) vol. xxxii., pp. 401. 
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Measurements made with the Welsbaeh incandescent mantle 
burners afford abundant evidence of the same tendency on 
the part of this source of light. Records of candle power and 
gas supply have been made covering several hundred hoursh. 



Fio. 22. 

Fig. 22 which is constructed from the measurement ,h of Ida M.. 
Hill 2 shows the relationship between the candle power and gas,, 

1. See thesis of B. V. Stebblns, Mss, in the Library of Cornell Univorsily, alms 
Nichols Laboratory Manual of Physic# and Applied MUctricMy , vol. ii.. p. 88». 

2. Ida M. Hill, thesis in the Library of Cornell University, 1 H 90 . 
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supplied to a mantle burner of the form in use in 1890, when 
new, at the end of 75, 200 and 300 hours. Fig. 23 shows the 
curve of decadence with age of a later type of mantle burner, 
from the measurements of Mr. Stebbins. It is interesting to note 
the resemblance between the latter curves and the like curves of 
the incandescent lamp. It has recently been pointed out as a re¬ 
sult of microscopical examinations of this burner, that there is 
permanent cause of the falling off in the candle power, namely a 
diminution in the radiating surface 1 . 

It should be said in this connection, that the rate- of decadence 
of such burners after about 100 hours becomes very slow. It is 
possible that mantle burners properly aged by previous incandes¬ 



cence might afford satisfactory standards. This committee has- 
not as yet had the opportunity to test the properties of such a 
standard. 

These data make it evident that if the light from an incandes- 


1. St. John found that the net work of the mantle when new showed intersti¬ 
ces nearly filled with the oxide, whereas in 100 hours the material had largely 
disappeared reducing the net work to a skeleton. St. John estimated the dim¬ 
inution in radiating surface at about 50 per cent, which would very nearly ac¬ 
count for the falling off in candle power. (See “Wiedemann’s Annalenvol. -A 
p. 433 .) Photometric measurements of this source show, however, a greater re¬ 
lative loss of violet than of red light, and measurements of the radiant efficiency 
show that this likewise falls off. These two facts always accompany one.* 
another, and they indicate a change in the radiating power of the material. 
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cent metallic oxide is to be used in the production of a primary 
light standard, the method of composition must he one which con¬ 
tinually introduces a freshly formed film. The light of a burn¬ 
ing magnesium ribbon fulfills this condition, but there is as yet 
no practicable method of controlling the combustion of such a 
ribbon. 


The Grow Lamp as a Standard or Linin'. 

It was at one time thought by some, that under carefully pre¬ 
scribed conditions of manufacture, glow lamps would give a suf¬ 
ficiently constant performance to make them of use as primary 
light standards. This suggestion, brought forth during the early 
days of glow lamp manufacture, has been shown to be of little 
value. During recent years, this source has boon the subject of" 
exhaustive tests on both sides of the Atlantic, with the result, 
that its behavior is now well known. 1 2 

As a secondary standard, the glow lamp occupies an important 
place. Ease and constancy of regulation, and the possibility of 
securing a standard of nearly the same intensity and color as 
the light under test, are among its advantages. In fact, the 
glow lamp may be said to constitute the best secondary source at 
the command of the photometrist to-day, and it is accordingly 
largely used by lamp manufacturers in rating their product. 
There are, however, certain precautions to be observed in its use. 
Life tests of the older types of lamps were characterized by a 
marked fall in candle power during the early part of their life, 
after winch the change became much more gradual. Recent 
tests by Ayrton and Medley 3 show, in the Edison-Kwan lamps, 
an initial rise in the caudle power. This rise, amounting in some 
■cases to thirty-three per cent, during the first 124 hours of life, is 
not accompanied by a proportionate increase in energy con¬ 
sumed; that is, the efficiency rises during the early life of the 
lamp. The spark test shows in these lamps aii improved 
vacuum after they have been burning for some time. That the 

1. See, among others : Peirce, Transactions, vol. vi, p. Nichols, N. Y. 
Electric Club Pamphlets, No, 27 (1890), and Thomas, Martin and H ussier. 
Transactions vol. ix, p. 271 . 

2. Tests of Glow Lamps, Phil. Mag ,, May, 1805, 
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change in vacuum is the cause of the increasing light intensity 
■does not seem to be established by experiment, since the improve¬ 
ment in the vacuum is found, to a marked degree, in lamps 
which show but slight rise in candle power. 

But whether the early life of a lamp be marked by rise or fall in 
candle power, it is in almost all cases the period of most rapid 
variation, and hence it is important that this stage should be 
passed in lamps used as light standards. It is also important 
that the lamp should not be strained by an excessive voltage, as 
its later life will be accompanied by rapid decline in candle 
power. As soon as an incandescent lamp has been standardized, 
one or more copies of it should be made and put aside, in order 
that the original lamp may be examined at any time for change 
in intensity. 

The steadiness of the energy supply is, of course, of prime im¬ 
portance. It is difficult to obtain satisfactory results with any 
source other than storage batteries. Moreover, the electrical 
measurements to which the intensity is referred must be made 
with accuracy. Roughly speaking, the candle power of a glow 
lamp is proportional to the cube of the watts expended in it, 
and to secure a constancy within 1 per cent, in the luminous 
source, the electrical energy supplies must be controlled within 


0per cent, at least. 

How very accurate a secondary standard the glow lamp be¬ 
comes when properly handled, may be seen by a report of the 

Reichsanstalt in Charlottenburg. 

It refers to an admirable investigation of glow lamps as sec¬ 
ondary standards, made by hummer and Brodhun 1 , at the Reichs¬ 
anstalt They compared with each other two 65-volt lamps run 
at a pressure of a little less than 55 volts, determining by means 
of one, the change in intensity of the other when the latter was 


operated many hours. . . . 

In order that photometric measurements might be significant 
' to within 0.1 per cent., measurements of current and potential 
were made accurate to within 0.01 per cent, using Clark cells and 

resistances of zero temperatures coefficient. Results of the com¬ 
parison of two lamps, n an d b, are given in Table XI. _ 

1. Lummer and Brodhun, Zdtschriftfur Instrumenlenkunde, 10,119,1890. 
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The position of the glow lamp as the most reliable of second¬ 
ary standards may be regarded as established. lie who seeks to 
use it as a primary standard, will, however, have to face u number 


TABLE XL 


Hours burned. 

1 

! Ratios of hiuumitirs, 

K 4 

'■/* 

i t 

O.H779 

20 2 

«.« 7*4 

62 3 

0.8741 

*54 8.5 

0,8734 

six 13.s 

o.H<77 


of difficulties. One of the chief of these consists in the fact 
pointed out some years since by Evans 1 , that treated and un¬ 
treated carbons possess very different properties. Weber 2 in his 
paper on the general theory of the glow lamp has determined the 



emissivity of the two, and Inis shown that they are to be re- 
g arded m distinct varieties. That the difference between the 

1. Evans, “ Proceedings of the Royal Society,” 1886. 

2. Weber, Physical Review, vol. ii., p, 1)2, 
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black and the gray surfaced carbon is not negligible will be evident 
upon inspection of the curves in Fig. 24. These curves, which 
have been derived from data given by Weber, give the relations 
between efficiency and temperature, and efficiency and candle 
power respectively in the case of lamps with treated and with 
untreated filaments. 

One of the members of your committee 1 has shown further 



•differs greatly in the two ca ses. 

•1. Nichols, Physical Review, vol. ii.. P 260 
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Conclusion. 

It is evident from the foregoing summary of previous photo¬ 
metric researches and from the report of the work of this com¬ 
mittee, that of all standards thus far used, candles are the least 
reliable. It is also evident from the bolometric curves that naked 
flames are subject to sudden and rapidly recurring llactuations 
that may be almost entirely eliminated by the use of a properly 
constructed chimney. 

It seems likely that many of the difficulties which are unavoid¬ 
able with flame standards may be overcome by the adoption of a, 
standard consisting of some surface electrically heated to a stand¬ 
ard temperature. 

The definition of the degree of incandescence of such a surface 
appears at the present almost insuperable, but the committee 
is at work upon a method for the measurement of the tempera¬ 
ture of incandescent carbon, which may load to results looking 
towards a solution of the problem. 

It also has in progress experiments looking to the production 
of a light standard in which not only the burning material but 
also the atmosphere shall be of known and definite chemical com¬ 
position. LiebenthaPs experiments indicate clearly that this is a 
necessary condition to the production of any invariable llame. In 
the preliminary experiments now under way, a llame of a mix¬ 
ture of two parts acetylene to one part hydrogen, burns in a cur¬ 
rent of pure oxygen, all the gases being dry. The llame produced 
by these means is of dazzling brilliancy, its color being compar¬ 
able to that of the lime light. No accurate measurements of its 
steadiness or reproducibility have yet been made. 

This experiment will include a speetro»phot<unetric study as 
well as an investigation of the range of fluctuation to which if 
is subject under different conditions of combustion. 

Physical Laboratory of Cornell University, May l, lHIM}. 


I hsoussioN. 

The President: —Gentlemen, this is an exceedingly interest¬ 
ing subject, and a very difficult one to deal with. ‘ In the last 
week or so the Institute has had requests from several outside 
sou ices to attempt to fix a standard of light. It is a matter which 
the Committee has taken up in the most "exhaustive way, and any 
light that the members may be able to throw upon the sub ject in 
the way of discussion will be very welcome. 
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Mb. J. "W. Howell :—I have some knowledge of the pressure 
which is being brought to bear upon the Institute urging them 
to establish a standard of light. I think it is indeed one of the 
most important subjects that has been brought before the Institute 
in a long time. I fully appreciate the absolute lack of a com¬ 
mercial standard of light, and I know that because scientific men 
have been unable to refer light to an absolute standard, they have 
been very loth to establish any arbitrary standard. That has left 
us in a condition of chaos, you might say, in regard to light 
standards. 1 think Dr. Nichols 1 paper has shown the condition 
of affairs very well. The fact that there are half-a-dozen differ¬ 
ent sources ot light accepted by people as standards indicates how 
badly we need one standard. Now, what we need is —not an ab¬ 
solute standard of light, but something which is reproducible. 
Of course, we w r ant to get the best thing, and that is the thing 
which is most easily reproducible. I think the Institute should 
continue the work of this Committee until they are well enough 
satisfied with their labors to issue a commercial standard ; to state 
what is in their opinion the best available standard of light to-day, 
with the fullest possible description of what it is, where it can be 
obtained, and just how to use it. If that is issued under the au¬ 
thority of the Institute, I think it will undoubtedly become the 
commercial standard of the buffed States. In my experience 
with incandescent lamp work, the absence of a standard has 
been very severely felt, and the standards used by different 
people are so various that there is no agreement between them at 
all I aoree with Dr. Nichols that the amyl acetate lamp is the 
best thatTis known to-day, but it has not been generally adopted 
in this country. The amount of light obtained from it is so very 
small that that is a considerable objection. Regarding second ary 
standards, we always used an incandescent lamp. I think, under 
proper conditions they are very good secondary standards, and 
will retain their val ue for a considerable time. I will be glad to 
furnish Dr. Nichols with all the assistance I can m this respect 
for we have used the incandescent lamp as a secondary standard 
for a number of years, and I shall be glad to give him the benefit 

° f Dn Nichols The only form of amyl acetate lamp which 
the Committee has tried, is the standard form furnished the mak¬ 
ers in Germany. The great difficulty which seems to exist with 
that lamp is the redness of the flame. The flame is, I mig t say, 
of a ruddy color, and there is a very considerable color difference 
between it and gas even and still 

efficiency incandescent lamp. It has been Jio 3 . 

amy^acetate^lam p""has tested at; frequent interrals for two 


200 


STANDARDS OF LIGHT, 


[May 20 r 


or three years, and it has been shown to vary with the time of 
year, giving more light in certain months than in others. These 
curves of fluctuation vary with the meteorological conditions, 
especially with the amount of moisture in the atmosphere. The 
variations are such that it seems as though we must abandon the 
open air as a source of supply for flames and introduce instead of 
it an artificial supply. That is the idea which the Committee 
had in mind in the lamp which 1 have outlined on the black¬ 
board, in which the hydro-carbon should he entirely enveloped in 
an artificial atmosphere of constant proportions, and thus be as 
far as possible free from the influence of meteorological changes. 

Mr. Carl He ring :— 1 would like to ask Dr. Nichols whether 
lie has tried an amyl acetate lamp with a flat flame in combina¬ 
tion with a Methven screen. It seems to me that such a com¬ 
bination might meet some of the objections to the use of that, 
lamp. 

Mr. C. 1\ Stein mktz :— I have been very much interested in 
the work done by the Committee with the acetylene flame as 
standard, since from my experience with acetylene I believe, 
that, if developed, the acetylene lamp would give an ideal stand¬ 
ard of light, due to the ease of producing acetylene chemically 
pure, and the white color of the light, which is similar to that of 
the incandescent and the are light, ami thereby more convenient 
than the reddish amyl acetate flame. I have experimented a, 
little with acetylene as an illuminant, and derived the best re¬ 
sults with small flames, by having the gas issue at a low pressure, 
of 1 or 2 centimetres water column, through the hole of an or¬ 
dinary blow-pipe. This gave a flame of something liked too 
centimetres flight, of intense whiteness, of probably something 
like 25 candle power intensity. 

There is one source of contamination, however, to he feared in 
the acetylene when derived directly from calcium carbide, which 
while immaterial for the use of acetylene as ordinary illuminant, 
would be objectionable for a standard of light The acet ylene is 
liable to contain a small percentage of hydrogen, which even in 
small quantities noticeably reduces the intensity of light There¬ 
fore for the use in a standard lamp, I think it desirable to pro- 
duce the acetylene gas from liquid acetylene, which is necessarily 
free from hydrogen. 

[The paper by Mr. JD. Mc'Farlan Moore, presented April 22d, 
was then taken up for discussion; see page 85.] 
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^Communication by Prof. R. A. Fessenden Received After 

Adjournment.] 

I do not think any one can read this report without feeling an 
.admiration for tlie manner in which the writers have done the 
work they set out to do, and an indebtedness for the knowledge 
they have given us. 

It is apparent that a standard must have the following prop¬ 
erties,' amongst others, if it is to be satisfactory. 

It must not use a wick. 

It must not be much affected by draughts. 

It must not be much affected by moisture or by change ox 
barometer. 

It must burn a definite chemical compound. 

In January, 1895, I notified the Chairman of the Committee, 
Prof Houston, that I was working upon an acetylene standard, 
.and in April I made a report of progress which was printed in 
the June Traces actions. 1 . I regret to say that on account o 
pecuniary difficulties the University has been unable to contribute 
the amount promised, and work has hence been came on u 
slowly. At that time, as is mentioned in the report, it was found 
that the most suitable pressure was 12 inches and that the^flat 
flame gave the best results. It is a source of gratification to 
know that M. Violle, as a result of Ins experiments aEUcL 
p 76, 1896.) has also found a pressure of 30 cms. and a flat flame 
to be most suitable, so that this point may be considered a, 

further work on the subject has been devoted to ascertain- 

ingXbestmlans of prodnedg the fie* to* 
aimed at is the production of a standard which can be duplicate 
in any instrument shop by any physicist in the samemanner asa 
•dark cell The most obvious plan is that of m n^ 
anfadjusting the edges at a certain 

being measured by interference methods. exua nsion of the 

s-s'vssgiiss 

pensive. After some ^monnt of experimenting,^ dr _ 

shown in the drawing, m w imniirneupon each other at an 
onto a very evenly 

htfnot 4ime wMly deoiUed upon, for the folio™* 

"eeeily shown, by very eimpl. r^nin £ th.Uf we have* 

make an orifice> of ^ ce jtam de m ^ of er wi u make 

t^r Zlnni’of totoge efror. Thns ,with^sMo^h 

chamber ’ surrounding B - 
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long and y^ inch width, an error of T oVo inc ^ would make ten 
per cent, error in the area, while if the orifice were circular and 
of equal cross-section, the same absolute error would make less 
than two per cent, of difference. 

Moreover the circle is of all forms that most easily made ac¬ 
curately. With a long reamer having but slight taper, the 
diameter can be produced with great accuracy by noting how 
far the reamer has been introduced into the hole and cal¬ 
culating. from the taper. 1 Moreover in case of wear, the tubes 
can easily be swaged down slightly, and re-reamed. The 
adjustment is easily made by inserting needles into the tubes and 
moving till the points touch. The reservoir below the jet may 
be kept at constant temperature as in the writer’s benzol standard, 
and the air supply may be regulated, as suggested by the writer. 


Fig. 



1.—Space b filled with wire 
readings taken at a and c. 


gauze to prevent wave disturbances. Pressure 
d, pipe leading to acetylene producer. 


(Eeport to Prof. Houston, Chairman of Committee, Dec. 9 1893 
with respect to the Methven standard) 5 ? 

Though the work done has been small, two important phe- 

reSp 1 eCt t0 the Xylene standard. 
Fust. It is but slightly affected by draughts, the effect beino* 
small as compared with that on other standards. This is no doubt 

30.8 cms g P1 ' eSSUre at Which the S as ^ burned, t. ” 

Second: The effect of moist air is much less than that wit-K 
other standards. This I attribute to the very high temperature 
of the acetylene flame. Since also the a mount of air required to 

me^M^by^wer'and^lemlag’s opdcafmethcS! - ^^™^ 
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produce a given candle power is only about seven per cent, of 
that required with ordinary gas, we see that there is ample reason 
why the acetylene should be, as my observations show it is, much 
more independent of atmospheric conditions than other standards. 

I regret that at present, lack of facilities has prevented my 
making, quantitative measurements of this gain, but it will be 
seen from tL.. i-bove considerations that there is good reason to 


believe it is very great. 

In the reports forwarded by the writer to the Chairman of the 
Institute Committee during the years 1893-5 some considerations 
were presented which were omitted in the condensed report, 
owing to lack of space. As these reports have not been published 
and as this has led, in at least one case to an unnecessary repe- 
tition of work done by the writer, I will give the substance here 
With the exception of those paragraphs enclosed m brackets I 
have copied the reports as closely as possible. 

First: It is not necessary or even desirable that we should have 
a standard of light accurate to within more than 4 per cent. If 
we had it we could not use it. In comparing an incandescent 
lamp with the standard, the spectrum distribution would be dif¬ 
ferent, (unless of course we chose an incandescent lamp as stan¬ 
dard, when the same remarks would apply to other sources., 
Now, Langley’s researches (Trans. Am. Jour. Science ,Nov 1888,) 
show that no two eyes are affected in the same ratio over all parts 
of the spectrum, and that apparently young people are more 
sensitive to blue and less to red than older Consequently if we 
have two sources, a and b, one a, a rather bhiehghtand b rathe 
red, then one man may record a as much the biighte ‘ . 

observer may on testing find for his vision the exact opposite to 
be the case/ If these differences were small they would still be 
important, but when it is pointed out that 
cent are very common and that m some cases estimates differ bj 
1000 per cent, it will be seen that any great accuracy in the stan¬ 
dard Kmply useless. Of three observers tested ^Langley, one 

oneVtS of™” ^ from'the si,ape of the 
curve's given it is seen that if these observers had to compaie an 
a”T„f I? incandescent lamp they would have arrived at qutte 

dif Uwould”eem therefore that what we aeed is: 

that when one ampere of current ^ passing thro alternative 

In watts should be radiated from the bail. On as ana* 
suggestion, that the resistance should be one ohm. 1 eonsiae 

latter the better. _This to be the light effect 

t^ken as standard and the 
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spectrum divided into, say, five parts and each compared with the 
sodium light, (d. line.) The mean of the result of tests on 
several thousand different individuals, of all ages, to be taken as a 
provisional optical factor. 

Any light source would then be defined as follows, for example, 
12/1.2.4.3,2., as regards radiant energy in the visible spectrum, 
meaning thereby that the total energy in the visible spectrum 
was 12 watts, of which one watt was in the first section of the 


spectrum, two in the second, etc." By multiplying the each radia¬ 
tion term by its corresponding optical factor, derived as above, 
we would get the optical effect, as it would be for the average 
eye. Represented thus, 3290/90—300—1600—S0o—500, mean¬ 
ing that the average eye would see the source as possessing a total 
intensity of 3290, divided into 90 units in the first section, etc. 

It ts evident then , that the accuracy which we shall need in 
any general standard of light will depend upon the limits of the 
probable error in determining the optical coefficients of the vari¬ 
ous wave lengths. In view of the facts that two eyes may differ 
in their estimate of the intensity of a colored source compared 
with sodium light by as much as fifty per cent. I believe that 
under no circumstances will this probable error be less than -J- per 
•cent., and that this therefore fixes the limit of desirable accuracy. 
It is of course impossible to say this definitely, as we have not at 
present sufficient experimental data, but I believe I am on the 
•safe side in my estimate. 

(c.) Having then a unit of radiation, easily and accurately repro- 
duceable to ^ of 1 per cent., and a unit of optical effect capable 
of being defined equally accurately, and a set of approximate op¬ 
tical effect coefficients we need now a set of secondary standards 
for practical work. I have suggested the Methven flame and in¬ 
candescent lamps as such standards. (This was before work on 
the acetylene standard was begun. This would take the place of 
the former of these or of both.) These to be used in comparing 
other sources of unlike spectrum distribution by the use of tinted 
scieens. The secondary standards to be compared with the pri¬ 
mary standards of radiation and light. 

(The advantage the acetylene standard has, according to the 
results so far obtained by me, lies principally in the fact that it 
can. be set up anywhere, as a Clark cell can, without resource 
having to be had to one maker. Its less liability to disturbance 
from atmospheric conditions and its portability are also valuable, 
but I regard the question of obtaining a greater accuracy than 4 
per cent, by its means to be, while possible, of no importance, for 
the reasons given above.) r 

(In the reports a form of differential thermometer was men- 
tioned as being used for comparison of radiations. This method 
has since been used by 'Weber and Toepler, but I have in later 

° r ~; f ° i a , m . assi V P risr P of copper having two thermo¬ 

couples placed in holes bored in opposite sides of the copper 
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prism, one couple exposed to the standard, the other to the source 
to be measured, is better for my purpose. The copper prism is 
rotatable about a vertical axis, and is slid along the photometer bar 
till a galvanometer in the thermo circuit comes to zero. On ac¬ 
count of the importance of having the black coating of the radia¬ 
tion standard and bolometer of the same nature and thickness it 
is believed that Lummer and Kurlbaum’s method of blackening 
should be used, as referred to by Messrs. iNicliols, Sharp and 

Matthews.) ...... ,, , , » , 

(It is obvious that if the sensation of light could be definitely 
proven to consist of the union of the sensations due to three 
different wave lengths, as in Maxwell’s theory, it would only be 
necessary to determine the optical coefficients for these nee 
wave lengths and their effect in modifying one another.) 
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AN ANALYSIS OF TRANSFORMER CURVES. 


BY CHAS. K. HUGUET. 

One of tlie most noteworthy features of Prof. Ryan's famous 
paper on “ Transformers,” 1 before this Institute, was the dis¬ 
tortion of tbe primary current curve on open secondary. This 
distortion, Prof. Ryan ascribed to hysteresis, and this opinion 
seems to have been held by Fleming 2 , Steinmetz 3 , and every 
other writer since that time, with the single exception of Prof. 
Rowland.* 

Dr. Sumpner 5 had previously shown that, assuming hysteresis 
absent, a variation in the value of //will superpose on the sinoidal 
magnetizing current a system of higher harmonics, causing it to 
become a symmetrically peaked curve. Prof. Rowland, however, 
went further, and declared that the presence of the distorting 
harmonics is due, not to hysteresis, but to change in permeability, 
the effect of hysteresis being capable of representation as a simple 
resistance. However, he simply expressed this theory mathe¬ 
matically, without giving any experimental verification and it is 
doubtless for this reason that the results of his paper have not 
been accepted in their entirety. This apparent conflict of opinion 
seemed to warrant further investigation, and it was the object of 
experiments conducted by the writer at Tulane University in 
June, 1895, to throw light on this question by analyzing the cur¬ 
rent curve into its various components. __ 

1 Ryan: “Transformers”; Transactions, vol. vu. p. 1 - 

o' Fleming- “Alternate Current Transformer, vol. n. p.454. 

j; SSI. “On «h. taw .< Hysteresis (Pant III) ; ItaMM ‘ 

on the Theory «*"»“ 

Magazine, vo 1. 34, p. 54, Also: Eleetnca or , ^ 

5 Sumpner: Philosophical Magazine, June, 1888, p. 408. 
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The low-tension coil of a 40-light Fort Wayne transformer was 
used as primary, and a run made at 100 volts and 140 . T Hie 

method employed in the measurement of the instantaneous 
values was essentially similar to the telephone method described 
by Nichols 1 , a galvanometer being substituted for the telephone. 
A run was also made at f>0 volts and To ^ and the determina¬ 
tion of the watts lost under these conditions, as well as under the 
preceding ones, enabled us to discriminate the eddy from the 
hysteresis losses in the usual manner 3 . In this ease the total loss 
at 100 volts and 140 — was 55 watts, of which 20.7 watts were 
due to eddies, and 34.8 watts to hysteresis. If we divide the 



watts lost by eddies by the h m. k. applied, we shall obtain the 
effective current due to eddies, and the ratio of this to the afore¬ 
said e. m. f. is the conductance due to eddies* 

If the instantaneous values of k m. f. be mill tipi led by this 
conductance, and the resulting eddy current curve be substracted 
from the original current curve (a, Fig. 1), the remainder will 
be the hysteresis curve (}), l <?., the curve that would be derived 
fioni the hysteresis loop. If in the same way we determine the 
conductance due to both eddies and hysteresis, i. <?., if we ropro- 

1 * Nichols: “Laboratory Manual,” vol. iL, p. 182 . 

2. Stemmetz: “ On the Law of Hysteresis”; Transactions, vol* ix, ( p. 50, 
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sent the hysteretie loss as one due to a simple constant resistance, 
and snbstract the effective current curve thus determined, from 
the original current a, the remainder c will he a true wattless 
current, since the curve substracted itself accounts for the watts 
lost. In Fig. 1, this wattless remainder is very fairly symmetrical 
with respect to the flux curve m, and is of the peaked character 
to be expected with permeability variable and hysteresis absent. 
A similar treatment of Prof. Ryan’s curve 1 2 yielded a wattless re¬ 
mainder (c, Fig. 2), of similar character. These results seemed 
to verify Pro! Rowland’s theory, at least approximately. 



But equally strong proof is afforded by Figs. 1 8 9,10 in 
qteinmetz “ On the Law of Hysteresis (Part III.) , for Here tne 

SSL £» *. 

leaves a wattless higher harmonic, m each ^e v y \ 
metrical with respect to the 


1. Ryan : “ Transformers ”; TaANSxcrioNs, vol. vii., p. 1- 

2. Transactions ; vol. xi., PP* > 










HUQTJET ON TRANSFORMER CUR VEE. 


| May 20, 


£ 10 

10, in which the original current is most distorted, the wattless 
higher harmonic is most nearly symmetrical. 

The state of the case seems to be, briefly, this: A variable 
value of f.i will superpose upon the wattless sinoidal magnetizing 
current a symmetrical system of higher odd harmonics, which, 
since they are symmetrical with respect to the zero of k. m. f. 
will also be wattless, and the resultant magnetizing current will 
be a wattless peaked current. If now the transformer he heavily 
loaded, the sinoidal energy-current will completely hide the mag¬ 
netizing current both in shape and phase. If, however, the 
energy-current be comparatively small, we will have a current 
resultant from a sinoidal current in phase with the k m. f., and 
a peaked current 90 degrees behind it, and tending to unduly 
“boost ” the latter half of the energy-current. Hence the dis¬ 
symmetry is due simply to the conflict, between the sine current in 
phase and the peaked current 90 degrees behind. If cither com¬ 
ponent be very large, comparatively, the resultant will tend to 
become symmetrical, in the one ease a sine, in the other a peaked 
curve. The sinoidal energy-current may he due to eddies, hys¬ 
teresis, or secondary load, the effect will be the same. 

Curves a, />, c, Fig. 1, show very clearly the effect of the suc¬ 
cessive elimination from the original current curve of the sinoidal 
-energy-components, due respectively to eddies and the hysteretic 
loss. 

If we take a hysteresis loop, plot a sinoidal flux curve with the 
same maximum, and then, at each successive epoch, plot the cur 
rent value corresponding in the loop to the flux value at that 
epoch, we shall thus obtain the magnetizing current curve. This 
method was first used by Humphrey and Powell 1 and lias been 
employed by numerous later writers. 

If, however, at each epoch, we plot a current value, the mean 
of those given by the loop for rising and descending magnetiza¬ 
tion, we shall thus obtain the wattless magnetizing current. This 
■curve is essentially symmetrical with respect to the flux curve, 
and consequently, as stated, wattless. 

If this wattless magnetizing current he subs true ted from the 
original current, the remainder will be the hysteretic current 
curve, or, what is the same thing, we may plot at each epoch the 
half-width of the loop at the corresponding flux. A curve 

1. Humphrey and Powell: 11 The Efficiency of Transformers ” ; Txunhac* 
wons, vol. vii., p. 311, Also Electrical Engineer, vol. x., 1890* p, 16. 
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plotted between the flux and the corresponding half-width of the 
loop may be called a hysteretic chwmcteristie. 

Fig. 3 gives a set of half-loops from Ring III. in Ewing and 
Klaassen on the “ Magnetic Qualities of Iron/ 51 with the corres¬ 



ponding hysteretic characteristics, plotted with their maxima to¬ 
gether for convenience of comparison. 

Figs. 4, 5, 6 give the magnetizing current curves for suicidal 
flux curves, for 1360, 3720, and 5830, respectively, derived 



from these loops in the manner above described, with additional 
curves derived by analysis of the first. In each figure, a is the 

1. Ewing and Klaassen : “ Magnetic Qualities of Iron ” ; Transactions of the 
Royal Society , vol. 184 (1893), p. 998. 
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■original magnetizing current curve, b the wattless magnetizing 
current, b' its equivalent sine, which represents the flux curve in 
shape and phase, c the hysteretic current, and e its equivalent 
sine. 

The half-width of the loop is zero for maximum tux, and for 
any flux has the same value, but opposite sign for increasing and 
decreasing magnetization. Hence the hysteretic current has the 
same zeros as the e. m. f. curve, and is essentially symmetrical 
with respect to it, consequently essentially in phase, but it re¬ 
mains to determine the conditions under which it also has the 
sinoidal form. 

In Fig. 5, for i? max . = 3720, c lies very close to o', having, in¬ 
deed, the same maximum. 



In Fig. 4, for the lower range, 1360, the approximation is very 
olose but o is slightly more pointed than the sine. 

56 ior the higher range 5S30, the approiamahon ,a not 

quite so”close, but c is more /oifenrf than d 

spectively, drawn to same size for convenience. Assume he hys 

teretic current due to a sharpie resistance, z. B R ( msta11 ” 

i \ TVipn nlot a curve between the flux value at 
1 epoch and the hypothetical hysteretic -rent a, 

that epoch. 
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A. hysteretic characteristic of the form thus determined will 
obviously satisfy the conditions. 

This curve is the quadrant of an ellipse. 

For IP -f- M ' = A.*, where A — = d/ max- 

// = E by assumption, whence TP IP + JT ! = wHch is 

an ellipse, // and M being the variables. 

• For our purposes the quadrant tells the whole story, so that 
we may say that the assumption, for sinoidal k. m. k, of hysteresis 
as due'to a simple resistance, is absolutely correct when the hys- 
teretie characteristic is a quadrant of an ellipse. 

If we compare this ideal curve with the hysteretic character¬ 
istics for the ranges used in Figs. 4, 5, 0, plotting each character¬ 
istic to a horizontal scale proportional to the virtual value ot its 
hysteretic. current, as indicated by its equivalent sme, we see the 
same manner and degree of approximation as in the cyclic curves. 
The ellipse is intersected by horizontal bars indicating the suc¬ 
cessive epochs in the cyclic, curve, and by reference to these it is 
seen that each characteristic, intersects the ellipse at a point cor¬ 
responding exactly to the intersection of the cyclic hysteretic 
current by it* equivalent sine,and that the relationship is m every 
reBiHict identical. .... , ,1 , 

A glance, at the hysteretic characteristics m Mg. A shows that 
for ranges higher than J18»0, the hysteretic current curve wil not 
only be more Hat,toned, but actually depressed in the middle. 

1J while the increased distortion of the hysteretic current will 
introduce higher harmonies, yet the rapid diminution m the 
permeability on approaching saturation will introduce thorn much 
more rapidly with increase of the range, so that 
influence of the hysteretic current; will be comparatively ■ g 
oven at, the higher ranges. At the highest ranges as the one 
given by Steinmetz 1 , mentioned above, B - lb,0(H : ie moi- 
dinate peak of the wattless magnetizing current throws into ob¬ 
livion higher harmonics from any other source. 

To conclude: for sinoidal k. m. k.; ' 

(1) Hysteresis may in nil respects be replaced by a urns ant 
resistance if the hysteretic characteristic be the quadrant of an 

Cll ;r T bis condition is approximately satisfied for moderate 
ranges of magnetization (such as are used in practice), i n reaso n- 

1, Transactions, vol. xi., p. 719. 
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ably good iron, and the higher harmonica are negligible. There 
will usually be a particular range that will give a neatly peifect 
approximation. On contraction of the range, the hysteretie cur¬ 
rent becomes more pointed than the sine, and on expansion be¬ 
yond the critical range, more flattened than the sine. 

(3) The increased distortion of the hysteretie current for higher 
ranges will cause an increase in the higher harmonics, but the 
rapid diminution in the permeability on approaching satuiation 
will cause a much greater increase in these harmonics, so that 
even at higher ranges the distorting influence of hysteresis is 
comparatively slight. 

As a final conclusion, then, we may say that 1 rot. Rowland s 
hypothesis that the higher harmonics in the transformer for 
sinoidal e. m. f. are due, not to hysteresis, but to variation in 
permeability, and that the effect of hysteresis may be represented 
by a constant resistance, is approximately correct, lor reasonably 
good iron, is very nearly correct for the moderate ranges used in 
practice,and may, under certain conditions, be absolutely correct,. 

A study of hysteretie characteristics would no doubt shed some 
light ou the phenomena of magnetism, hut it is beyond the scope 
of this paper. 


Discussion. 

Mb. A. E. Kknneixy It seems to me that this paper is 
capable of having its principal result summed up in compara¬ 
tively few words' If the hysteresis cyclic diagram or loop in 
the case of iron enclosed no area, but consisted of a pair of lines 
immediately side by side, there would be no energy required to 
magnetize the iron', and the permeability of the iron would 
simply change as the magnetism altered. There would then be 
harmonics in the current wave curves, but there would be no 
dissipation of energy in the iron. The paper says that it you 
take the energy which is due both to hysteresis and to .eddies, 
and suppose that the energy is expended just as in a resistance, 
that is by a current in phase with the electromotive force- if .you 
could imagine that current to exist—and then subtract that, cur¬ 
rent from the current actually observed, you will find, a nearly 
symmetrical curve at right angles to the electromotive force, 
lTiat is a question which docs not conflict, it seems to me, with 
the existing theory of hysteresis in transformers. 

Db. Nichols: —1 regret that Prof. Ryan is not present to-day, 
as I am sure he would be very much interested in thin paper. 1 
hope we shall have the privilege of hearing from Mr. Steiiunetz, 
who has contributed so much to our knowledge of this subject. 
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189(>.] 

M,- Htkinmktz -.—While I would like to add a few remarks, I 
,011st 'first express my pleasure to have listened again to a paper, 
will’d, will l» J&mM a»l wortlUc* m a year or two. * 

“* niJTlSrTrlt'taS'whether 

V. oM.il tv is the cause of the distortion ot wave shape m tians- 
peiineabuity is ^ ^ ^ any difference m the ex- 

«*> I»r»Vl'l"/; r 'ahi?,rt-,ou “of“t.lS“waho ‘Saps' drlo tS 

yaryms of'‘Instances of distortion of 

ifcrs J£r»asa* 

S on. tlie paper attempts 

..“*. s ? if;., t f varyi.ie permeability into two compo. 

* 2 ?* I i-W JmmnSii, representing the molcenlar 
"SlrVrirtiont fife other, the wattless magnetmng com- 

"i'm, tlnr.1 ,,ape. W&l 

ried through this separation anidyti a }, | howcvor? opcr . 

t£ pape" S?n 

isra*xs& 

rent wave, into ^ exponent is practically a 

ponent, and showing that tnc w .h the total wave is 

..“ 

results, which may he taken e.c d jj to the same mag- 

eycle, the two values of k. *.*; ^«!^~^ u . vc IW0 d as the 

netizatmii are averaged, «» • tl „ inai meti 35 ing current, while 

nagnetimtioii curve 111 jdottn „ 'he •« , . 1 - i oop i s used 


quadrant of an ellipsis. . , corresponding to the 

In Fig. 1 is shown the RyLresis?’ part 3, 

curves shown as Im«. <> » 1 > J ^ u value,V -m denotes the 
C£* ‘“ ''‘‘’Ik,' ttnignotrtmg onrvo or ottrvo ot average 
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m. m. f. as used by Mr. Huguefc, and n denotes the by ste retie 
characteristic. 

There is no inherent reason why the average m. m. f. should be 
used as magnetizing curve, and not, for instance, the magnetiza¬ 
tion curve derived by plotting the average of the two values of 
magnetism corresponding to the same m. m. k., as shown by v in 
Fig. 1, or directly the observed magnetization curve a, as derived 
by electro-dynamometer tests or ballistic galvanometer and the 
method or reversals. Using the curve a for deriving the wave 
of magnetizing current, we would get, the curve a in Fig. 2, which 
passes steeply through the zero point, and in general shows a 
distortion just opposite to that of the curve <;, used hv the writer; 
and thus the curve a would not make the energy component of 
current ri a sine wave, as shown in Fig. 2. 

In favor of the assumption made by the writer is, however, a 
feature, to which 1 drew attention some time ago, namely, that 
the initial inward bend of the observed magnetic bysteretie a in 
Fig. 1 is probably an effect of molecular magnetic friction, while 
the true magnetic characteristic of the material in the absence of 
hysteresis is a curve similar in shape to the curve o, and very 
closely resembles the arc of a hyperbola, as shown by Mr. 
Kennedy in his paper on u Keluetanee.” When observed'under 
conditions where hysteresis is absent, that is, where the energy 
consumed by molecular magnetic friction is supplied by some 
outside source, as for instance an alternating current passing 
lengthways through the magnetic circuit, the hysteretie loop 
collapses, and the rising and decreasing magnetic characteristics 
coincide in the hyperbola. If no energy is supplied from the 
outside, the magnetization curve at low density cannot follow 
this curve, since the loss of energy by molecular magnetic fric¬ 
tion when rising on this curve would he in excess to the total 
amount of energy supplied to the magnetic circuit. 

That is: 

•f Ifo 

rj />V- (i > f li d J<\ 

— z»\> 

where B () = maximum magnetization, 

B = magnetization, 

F = M. M. F., 

y = coefficient of hysteresis. 

It would be of interest to investigate this field experimentally, 
and it could be done probably by winding the core of a magnetic 
circuit with very fine insulated iron wire, send an alternating 
current of high frequency through this wire, and then determine 
the magnetizing current curve of a coil surrounding the magnetic 
circuit, by the instantaneous contact method, and an alternating 
current low in frequency compared with the alternating length 
current in the iron of the magnetic circuit. 
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If as it, appears from this paper, the liysteretic characteristic 
- , ’ of in ellipsis, while the true magnetization curve is the 

^ f'“ , • > rbolftbc liyateretic loop could be 

by tile pro,loot ,!f two quartic em-vee, « remit wb.eli is 

CU Ml t Uimu.^Iu l regard to the similarity of hysteresis and 

vahiTof !f!n a iSTas^ing depe^ 

^ SW 




Km. S. 

, , *„ i. .. n , muible As a matter ot tact, /r 

all of which we know to he 1 1 ■ through zero and every- 

shotild he derived Jrom fl-eur e J an( i descending limbs, 

where intermediate hetwm the ^ :lB8imipt ion is, in. 

Bueli a curve answeis u l always single-valued, and 

fact, always made, h * vibration 

hysteresis is either . present, y »is in a loop, the magnet- 

or otherwise. 1* hystu *■ 1 ^ , the current required 

ming imrnmtatftnyihixwtj s , “ it | s ' necessary to add the 
by the value ot ft at t mt ^ current is in absolute value a 

ssss-ssn^ 

"»>** . .. 

t;ive for the descending. [See I<ig. K.| 
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Mr. 0. T. Rittenhouse: —I think that Prof. Ewing, in a paper 
presented before the International Electrical Congress, held at 
Chicago in 1893, made the statement that a distinction must be 
drawn between the permeable and hysteretic qualities of iron, 
since specimens showing good permeable qualities need not neces¬ 
sarily possess good hysteretic qualities. Mr. Iluguet lias made 
Prof. Rowland the single exception to the theory that upper 
harmonics are due to hysteresis. In 1891, at the Philadelphia 
meeting of the Institute, if I am not mistaken, it was this very 
point which was the subject of animated discussion between Dr. 
Pupin and Mr. Steinmetz, and although Dr. Pupin did not ex¬ 
plain at that time the real cause for upper harmonics, he laid 
particular stress upon the fact that his experiments showed that 
upper harmonics could not be due to hysteresis. I n reference to 
this paper, I would like to state that we always hear of closed 
ferro-magnetic circuit transformers, and yet I doubt if there ex¬ 
ists in commercial practice at the present time many of this type. 
In testing such, it will be found that there is a distinct difference 
between them and the open core type with which we are more 
familiar. If we plot the curve relation between the frequency 
and magnetic induction, using the frequency as abscissa and the 
induction as ordinates, it will be found that there is a decided 
drooping of the curve as the frequency increases. This action, I 
think, cannot be entirely explained by the eddy current theory, 
if we mean by this the counter-rnagneto-motive force set up in 
the iron, due to eddy currents. Starting with this as a basis and 
expressing the generalized form of Ohm’s law as a differential 
equation, it will he found that the solution of this equation does 
not satisfy the curves experimentally found. If now even an 
exceedingly narrow slit is cut in the iron, even as small as .001 
of an inch, the drooping of the curves immediately disappears 
and the relation becomes linear. The explanation of this is 
doubtless due to the fact that there exists in the absolutely dosed 
core an arrangement of the molecules of the iron in the form of 
closed chains, and owing to the reluctance with which these 
chains are broken up, a considerable demagnetizing force is re¬ 
quired before a change is effected when suddenly the chain is 
ruptured and oscillations appear to be set up, which produce dis¬ 
tortions iu the current wave. If this hypothesis be true, and ex¬ 
periment seems to warrant its assumption, it would indicate that 
not only hysteresis is to be excluded as a cause of harmonics, but 
under certain conditions, permeability also. 

Mu. O. A. Adams, Jr.: —There is one transformer which was 
manufactured a few years ago by the Brush Electric, Company, 
of Cleveland, of which the magnetic circuit is completely closed. 
The core punchings wore in disk form, similar to those for arma¬ 
ture cores, and the winding was done entirely by hand. 

Mb. Kies:—I would state that a closed magnetic circuit was 
used in the Ries regulating socket—not as a converter particularly, 
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but as a miction coil, 


I, although I have also successfully used the 
'.mic construction for converters. The coil was wound by hand, 

■uul in order to facilitate the winding, the coil was in the form 
of a cable containing a number of separate wires. 

Mk kirrKNiioiisK: Experiment shows that the magnetizing 
nrrent for the closed core type is much reduced as compared 
vitli the type having a butt joint,. This naturally follows from 
Hie fact that the reciprocal of the reluctance is directly propor- 
t naVto the power factor. It would seem, therefore, that the 
eiil closed ferro-magnetic circuit transformer, although more 
expensive to construct, might possess qualities deserving some 

M • (’ A A i. \ms, .1 u.:—From experiments on butt joint trans- 
f ( ,nners "i have found that the magneto-motive force required 
h r the joints is about live per cent, of the total, m a transformer 
( fair size with carefully made joints. This percentage is con- 
lloabiv rialuccd by lapping the plates at the joints, so that the 
Sl< * hv usin<»’ completely closed magnetic circuits is 

a' r " t ,ly '.mall and act at"all snfficient to 

if," extra ox,»msc V winding tl,e transformer w,th 

•*H? Swr'-U-Sw to me that the transformers made with 

^SijUrydd.thmOheLjh 

v , l |, : „t t o lis',n« lie a ™ry small aha If the plates 

an inch m tlu< u • • * l ( $ nn t] ie air-^ap is a hundred times 
lap for an mch, the ■ a marked^ theoretical difference 

»« 1 and closed circuit trans- 

KZT 'i'S.H h k find there is a corresponding difference in 
1 • f * 1 ,n of the two kinds of transformers. . 

the practical op alum o U k ed -joints of closed cir- 

_Mk. Ivins . I» 1 j lt ; u . ' , d joint transformers are much 

cults, while it, is t. - ■ ) ‘Pooii or butted joints, yet on the 

better m general than tin. 1 ui ( the construction 

mher hand. f"»'> “ "“»S S 5 «» P a after assembling 
becomes more. ‘V L„ P than in the case of closed plates or 

the parts is very uiuch ' g-, . i: d B b ee t metal and placed closely 

rings which arc cut, out of so ul si eer / efficient type 

together. In that way you get a bo «^ o \he conclusion from 
for a given size and weight- In ducted that that type, 

numerous experiments that ave 

where, it can be used, is by tw ti t o • ht the question of 
M ». Rittknuousk 1 - * ag no t with any mten- 

elosed and open fomHuab»®J^ i mer type of transformer,but 

tv it pmpe«ff 

attrihtd^ 1 to variable permeability. 

[Recess until 2 i>. M.J 
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FFFE< !T OF TFM PE RATLIRE ON INSULATING 
MATERIALS. 


„ Y am. v. sieving a. monki.i. and o. t,. pkrry. 

In designing electrical apparatus, it is often of the gieatest 
importance to know the effect of different temperatures on the 
insulation to he used in its construction. 

Of the many kinds of insulation, a few of the most common 

wore *mm, P»l»r,cloth, oiled paper «d «M clotb and 
the following conclusions have been drawn from the result of 102 

several of the most prominent manufacturers of electncal ma 
chinery. 

Tivk Apparatus. 

The heating apparatus consisted of a glass cylinder S inches 
in diameter and 10 inches high, covered at the top and bottom 
with asbestos plates. The lower part of this cylinder was occu¬ 
pied by twelve enamel resistance tubes, five inches long, and 
£4 Li each. The terminals of these were brought out through 
(i 1 . i..i., The (inrrent in these tubes being controlled 

<» *>■« ^ «-*» 
litamure A„ inch ahovo the heating tubes, and Bnppoited by' •> 

aelawtoa collar, was a metal plate having boles P— » 
allow the free cireulati.m of air in tbe cylinder. 1 ln» plate w« 
connected to one side of a galvanometer. 

The insulating material to lie tested was wrapped on h.a» 

■cylinders ¥' in diameter and three inches long, the insnla- 
■tyunauH * » , f the tu be. The insula¬ 
tion not reaching <j jj & g bare copper wire for a 

•tion was then wound with H o. 2ih i> <* rt 
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„„„ Of 2-1". Five tubes so wound were then placed on the metal 

S P . cylinder and their terminals brought up through the 
plate m the cy , ^ * switchboard; in ord er that any tube 

mShtTth e rown into the galvanometer circuit. This arrange- 
, * t possible to heat five specimens at one time. 

“ Wittle .bove »ppmt» «. used a Thomson high resistoco 
gatafomeL-, a megohm bon and a difference of potent,d of 

50 The Ol Lmometer nsed was of the nitrogen-Slled metenrial type 
..„u» rtf measuring from 0° to 400° 0. 



When troubled with surface leakage, it was eliminated in the 
following simple manner. The diagram shows the connections- 
wliile testing a tube and also the leakage shunt. 

It will be seen from the diagram, Fig. 1, that all of the current 
going through the galvanometer must pass from the dynamo to 
the brass cylinder, and thence through the insulation to coil a and 
on through the galvanometer. Any current tending to leak over 
the surface of the insulation from the brass cylinder to coil a will 
be intercepted and shunted past the galvanometer by coils b b. 

During the investigation many different specimens of paper, 
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oiled cloth, etc., varying greatly in thickness and composition, 
were tested, and it was found that each class has its characteristic 
properties strongly marked. "We will now proceed to the discus¬ 
sion of each particular class. 

Plain Paper. 

In this class 40 specimens were tested. After the resistance at 
the temperature of the air (22° C.) was carefully noted, the tem¬ 
perature was gradually increased (100 0 in one-half hour) and 
readings taken every 10° up to 80° and from there on every 20°. 
Fig. 2 shows a curve which is characteristic of practically all kinds 
of plain paper. 

It should be noticed however that in general, the resistance of 
papers that are not protected from moisture, falls between 22° 
and 50 ° and then rises rapidly until at 75 0 it has attained a maxi- 



mum resistance. It should also be noted that this temperature of 
Id ° is very constant for all kinds of paper. From 75 ° upward 
the resistance falls rapidly, and at 150° is but a small fraction 


of its initial resistance. 

The initial resistance of paper protected from moisture by 
iapan (Fig. 3) is very high, but falls rapidly with the increase of 
temperature, as is the case with all material protected from mois¬ 
ture (See oiled paper and oiled cloth). Hence we see that all 
paper having a porous structure and therefore containing more 
moisture, has a lower initial resistance than the protected paper 
but is affected by heat much less than the latter. This would 
lead to the conclusion that there are two phenomena taking place.. 
First the driving off of the moisture, which tends to increase the- 
resistance, and secondly, some change (not a mechanical detenora 
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tion) in the material, dependent on the temperature and which 
may be called the temperature coefficient. This temperature 
coefficient tends to lower the resistance with increase of tempera¬ 
ture. 

Examining the several curves shown, we see that the initial 
resistance of unprotected papers is low on account of the presence 
of moisture. How, on gradually increasing the temperature, the 
resistance falls during the first 20 ° or 30 because the effect of 
the temperature coefficient predominates during this period and 
before the material is warm enough to start the evaporation of 
the moisture it contains. This however lasts but a short time as 
the result of the evaporation is to increase the resistance very 
rapidly, until at 75 ° the temperature coefficient again asserts 
itself and the resistance rapidly falls. 



Fig. 3.— Japanned Red Paper .01" Thick. Characteristic Curve. 

In the case of japanned papers (Fig. 3) the initial resistance is 
very high, due to the absence of moisture, but on being heated 
the resistance drops rapidly as the small quantity of water con¬ 
tained is evaporated off so slowly that it has very little counter¬ 
acting effect on the temperature coefficient. 

Paper does not seem to deteriorate mechanically at less than 
180 °; above this point the material begins to carbonize. At 230 ° 
a peculiar phenomenon takes place. The material after possess¬ 
ing a very low resistance from 175 ° upward, would at about' 230° 
suddenly increase greatly in resistance and immediately after 
break down. This may be caused by some molecular rearrange¬ 
ment taking place at that temperature which changes the resist¬ 
ance of the material. Other cases wherein the resistance of a 
body changes at a certain temperature are well known. In the 
phenomenon of u recalescence” a piece of iron or steel after 
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having been heated tea bright redness and allowed to cool slowly 
will at a certain stage of the cooling process receive a sudden 
check, heat being generated in the metal as a result of the 
■ change which the molecular construction suffers at the critical 
point. The cooling is arrested and the temperature and resist¬ 
ance rise though the loss by radiation is still going on. 

The experiments of F. Kohlrausch and liopkinson have also 
shown that the critical temperature is marked by a sudden change 
in the coefficient which expresses the effect of temperature on the 
electrical resistance of iron. This is also true of nickel. 

It would seem that paper insulation has a critical temperature 
somewhat, analogous to that of iron, steel and nickel, but of course 



the characteristics of the materials are too different tor any close 
similarity. 

Plain Cloth. 

Under this head 20 specimens were tested including canvas, 
linen and muslin, of different thicknesses. The action of this 
material (Fig. •!/) is much the same as that of paper (Fig. 2). The 
initial resistance is lower as it contains more moisture than is the 
case with paper; for the same reason when the moisture evap¬ 
orates off, the increase over the initial resistance is greater than 
with paper. By reference to the curves of paper and cloth, it 
will be noticed that their resistance varies in the same mannei. 
For cloth, as for paper, the maximum resistance is at 75 C. I he 
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material does not begin to carbonize until at a temperature of 
180° C. and even beyond that pointit loses its mechanical strength 
very slowly until past 220 °. 

The explanation for the resistance of cloth varying as it does- 
is exactly similar to that for paper. 

Oiled Paper. 

In this class 14 tests were made, on papers of different thick¬ 
nesses. With the single exception of one specimen (the resist¬ 
ance of which was very high) the initial resistance was lower than 
in the case of paper. (Compare Figs. 2 and 5.) 

On increasing the temperature the resistance fell rapidly, the 
curve being much the same as that for japanned paper. The 



Fig. 5. — Oiled Paper .0045" Thick. Characteristic Curve. 


reason for the sudden decrease in resistance is the same as that 
for japanned paper. 

Oiled paper deteriorates mechanically at a lower temperature 
than paper or cloth, commencing to blacken at so low a tempera¬ 
ture as 120° C. 


Oiled Cloth. 

In this class 28 specimens of oiled silk, muslin, and linen of 
various thicknesses were tested. The initial resistance of this 
material is much lower than that of paper, and on increasing 
the temperature the resistance falls rapidly, the shape of the 
curve (Fig. 6) corresponding to those of japanned and oiled 
paper. The reason for the sudden decrease in resistance is un¬ 
doubtedly the same as for the japanned and oiled paper. The- 
insulation begins to char at about 120 ° C. 
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G-eneral Conclusions. 

In the foregoing discussion there are some main points to 
■which it is necessary to draw attention. These are: 

(a) That paper is a better insulation and withstands increase 
in temperature much better than cloth (shellac and varnish were 
not used in any of the experiments), oiled paper or oiled cloth. 

(5) That paper and cloth have a maximum resistance when first 
heated at about 75° C. and are not injured mechanically under 
180 0 0. 

(c) That the point of maximum resistance for paper and 
cloth (in this case 75° C.) depends on the rapidity with which 
the temperature is increased. 

Here the authors would like to suggest that if the material 
were kept at a constant temperature until all the moisture had 
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Fig. 6.— Oiled Silk .007" Thick. Characteristic Curve of Oiled Cloth. 


been evaporated, the resistance of the material would then be its 

true resistance at that temperature. . 

(d) That all give a high resistance after cooling, but have little 

mechanical strength. . , ■» . 

Oiled paper and oiled cloth, however, after having been heated to 
-220° O. and allowed to cool, not only have a high resistance, but 
became so firmly fixed to the brass cylinders that it was found 

necessary to remove them with a file. . . , . 

(e) That it would be well to bake paper and cloth insulation to 

140° C. before applying varnish or shellac. . 

( f) Referring to Fig 3, it will be seen that on decreasing the 
temperature the resistance increased, but the second curve does 
not by any means coincide with the first. On further experiment- 
ta this direction, it was fonnd that the,, is no temperature at 
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which the curve with falling temperature coincides with the first. 
This may be due to more moisture being driven out at, higher 
temperatures which is not absorbed by cooling. 

Here it may be well to mention an interesting phenomenon 
that occurred in connection with this investigation. 

When the temperature has risen above 100° ( !., the zinc in the 
brass cylinder begins to leave its surface ami combine with the 
copper wire wrapped about the insulation so that the wire has a 
brass surface and the brass cylinder a copper surface. 

Owing to the limited time at the authors’ disposal, they were 
unable to further pursue this investigation, hut much remains,, 
and any research along this line will he found full of theoretical 
as well as practical interest. 


I hsci'ssioN. 

Mr. b'rEiN.viETz: While this paper is very interesting, I fear 
some misleading and very dangerous conclusions may be drawn 
irom it regarding the value of different insulating materials. 

1 lie paper shows that dry fibre is superior in insulating uunlitv 
to odea paper, or oiled cloth. While it is undoubtedly true and 
has been observed repeatedly that dry fibre has a very hid, in¬ 
sulation resistance, and that consequently the insulation "resistance 
is decreased by,treating the fibre with oil or japan, high insula¬ 
tion resistance is not the only quality to he sought; after, and not 
even the most important one, hut much more important is reli¬ 
ability, and m tins regard wood fibre ranges very low, since it is 
hygroscopic, and thus absorbs moisture. Therefore during the 
variations of temperatures and humidify to which electric ma¬ 
chinery is exposed in practical operation, dry fibre as insulating 
material is fairly sure to become moist, and’thereby very dan¬ 
gerous. ■> "J 

al • 1 l ie treatment with oil or japan is merely for the purpose of 

" f T 

i Jr’r hi s u . juBulfttitm resistance, however, another quality 
¥, conB1< ] e ™ > namely, disruptive strength, that is the 
ability of the material to resist being pierced by the voltage to 

Jlnce H W ■ Xi)<> - C<L - ln , me<lium potential circuits, as for in¬ 
stance, the primaries of alternating circuits, disruptive strength 

ancT^nH ^ r°5 “ UU t gl>ea . ter '“‘Portancc than insulation resist¬ 
ance, and as I have shown m a previous paper, these two <mali- 

£® 8 f° f. ot tORetlier, hut high disruptive strength may 

be combined with comparatively low insulation resistance, as in 
mica, or inversely, as in air. In disruptive strength, pure mica 
ranges above fibre and all other organic substances. 
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"\V 1 1 c n coming to very high voltages, as in long distance tiaiis- 
inission, still another phenomenon heeomes of importance, which 
on ; u changes the relative value of insulating materials, namely, 
surface leakage. Mica, for instance, while very good m disrup¬ 
tive strength, is not very satisfactory to guard against surface 
leak at;, hut a high potential will leak or creep over quite a long 
distance of mica or porcelain surface, while organic compounds 

are frequently much superior in this respect. . 

Thus insulating materials cannot he discussed generally m their 
relative value, lint only with regard to the practical application 

they have to meet. , „„ 

1)K, V. lh Orookkr:— I agree that the paper standing alone 
ini'dit. idve rise to the dangerous conclusions of which Mr. ©tem- 
lucte has complained, hut'it was intended simply to investigate 
certain facts as the paper itself clearly shows, it carefully lead. 

were dried on several years ago at Columbia.by 
T. T. V. Luquer ( Kh'c. Jin;/., Dee. 28, 1892) showing the effect 
of moisture on these various materials, and also by Canfield and 
Kohi.ison (Elec. Em,.. Mar. 28, 1894), showing their disruptive 
strength It would,' of course, he well to put all these together, 
and a proper comparison would include all these qualities, due 
weight lie ug given to each. Hut. it s surprising and I think 
it imt o'cnendi v known-that the effect of oil appears to di¬ 
minish 'the insulating qualities, particularly «« as the tom- 

nerature rises Comparing these curves, we find that even as 
ow a temperature as bo" 0. causes the. oiled paper and cloth to 
fall to a very low value, whereas the plain paper and plain cloth 
have their maximum insulating resistance which a v ^’ r "|, 
value at 7.V 0. That certainly is very striking and well wort 
M0t i,„V I should also call attention to the fact that probably on 

the continued application of any of these tomporto tliere s a 
greater effect than with the comparatively shoit tune d. ticat 
which was the case in these experiments. Therefore, I slum Id 
exnect that 50° or 90° C. applied for a long time to oiled 
m er m* oiled cloth would bring their insulating resistance down 
Kiel, a low value that they would be in ctai.ff.r o b«ng brok 
down 1 think that would explain a great many of the giadu l 
1 urn-outs that occur in electrical machinery; and it reman s to he 
seen by practical experience what the actual tacts are. know 
that. I "was very nuicli surprised when 1 saw the Jesuits. _ J 

agree with Mr. Steimnete that the insulation rujurtanoo is hy • 
ineans the only point to he considered, nevertheless it is an an 
“nttr Now, if these materials do liave a '^ 
mee at such a moderate temperature as •»>< > ^ V 

would simply mean that they are not suited t<> vvmk eontam u y 
.... q 1lfl L' , uu i (Jon <). is not now considered high. Lxactly 
what is the' best thing to do is not, of course, the intention ot 
this paper to show, but it would indicate that we oug 
TJ& m pk mi m « *. mOmm m>* b. 
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at a high temperature, we should make sure whether oil is a de¬ 
sirable thing to have. In regard to the effect of moisture, that 
only applies to the starting up of the machine, because when the 
machine gets to working, that objection disappears. I might add 
that the tension used in these tests was 500 volts, which is not a 
very high potential but is sufficient to show any very great 
tendency to disruption. 

Me. Scott :—I think it is well to put some safeguards and 
danger signals about a paper of this kind, for taken directly on 
its face, it is apt to lead to erroneous conclusions. I am familiar 
with quite a number of tests made by Mr. C. E. Skinner, of the 
company with which I am connected, on very much the same 
lines. In his tests he has taken larger pieces of insulating ma¬ 
terial and placed them between two pieces of iron which were 
heated up at a slow rate, and the insulation resistance of the 
material was measured from time to time. The law which he 
has determined, if expressed on, say, curve 2 , of the present paper, 
has its minimum where this curve has its maximum. That is, in 
Mr. Skinner’s test there is a certain initial resistance which de¬ 
creases to a minimum at 75 to 100 degrees, and after that in¬ 
creases. The tests to which I refer were made under what were 
presumed to be fairly commercial conditions in the manufacture 
of machines for the purpose of determining just what could be 
expected at. different temperatures of different insulating ma¬ 
terials. Quite a large number of materials were tested, covering 
about the range and kind reported in the paper. Now, either 
those results were w r rong or these results are wrong, or they were 
made under different conditions. I am not prepared at this mo- 
ment to say which of these is true._ I do know that in the tests 
j 1 c . p am familiar, extending over a considerable time, 
and made m some eases on machines themselves, the resistance 
ot a new machine after successive runs, as the armature or field 
became warmer and warmer,and also on individual pieces of diff¬ 
erent kinds of material, the same general characteristics were 
tound in the different tests, disagreeing with those given in this 
paper. 


rue suDject ot oil is mentioned in the paper, and one feature 
v; inch may explain the rapid decrease in the resistance of the 
oiled paper may be due to the fact that if there be some moisture 
m the paper itself and the surface be covered with a film of oil 
the moisture will be confined until the temperature is raised, and 

m i be va P? med and tr .7 to escape. If the surface be 
nearly continuous, it may contain some openings in the oil. The 
water will force itself out at certain points; it will pass from a 
hchter place to a cooler place, and the tendency will be to collect 
™ er at S0I f one Voint. The moisture, in accumulating in 
vlb J, - may -/ eCre f e the resis tance very much at one point. 

18 f ld T th ? paper as t0 the kind of oil used. There 
e different grades of oil, differing widely in resistance, and 
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often containing impurities, which may decrease the resistance 
very much. In the case of some oils, the resistance may be com¬ 
paratively low. If the oil be heated and then cooled, it may be 
considerably higher, possibly moisture or impurities in the oil 
being driven off. ^ 

The conclusions given at the end of the paper may be justified 
from experiments which have been performed, but these, as it 
has already been stated, cover a small range, and it is going too 
far to draw conclusions which are general from so limited data. 
For instance, the first conclusion, that dry paper is a better in¬ 
sulation and stands increased temperature better than cloth. 
Better for some things, perhaps, but not necessarily for a dynamo. 

A high resistance galvanometer and laboratory instruments are 
often dangerous things in practical machinery. Another con¬ 
clusion of the paper is that it would be well to bake the cloth, 
etc. at a certain temperature, before applying shellac and varnish. 

I fail to see the curve or data from which that conclusion is 
drawn and I do not understand why that temperature, instead of 
some other or possibly lower temperature, continued for a long 
time may not be a preferable one. I notice on the last page ol 
the paper the statement that when the temperature has risen 
above 100° C., there seems to be some transfer m the metals 
which are surrounding the insulating material. It appears from 
this that the zinc passes from the cylinder through to the wire. It 
it does, that may have a very decided effect upon the insulation 
of the medium between the two. If there is electrolytic action, 
or something similar to that, by which the metal is 
the insulating material from one side to the other, this^phe¬ 
nomena may be very important as well as interesting. The snb- 
iecTis an interesting one, and I call attention to the several points 
m this way, in order to provoke discussion and prevent any wrong 

CO Me US Peebt — Prof. Crocker called attention to the fact that 

f * be r-. “fc? 

Eld of it, it kernel hC.Tr U o ' ?6 

contimred until the weighing, became eonstat. 

anmed that the h'^/f^KpSse the same thing conld 

that^moisture sometimes produced chem- 
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ical action upon the metals upon which the paper was wound,., 
and in being driven to the outside, carried with it the salts which 
had been formed. This I should consider as a possible explana¬ 
tion of one of the points referred to in the paper. 

Prof. Crocker: —While Mr. Scott’s points are fresh in mind, 
I would like the opportunity of answering some of them. In 
the first place I think he should give us the form of those curves. 
There is a minimum point in the curves shown in the paper, at 
about 35° C., and we have a maximum point at about 75° 
C. Then it falls again. If we shift the curve to one side 
or the other, it would fully explain the statement that Mr. 
Scott makes. That may not be sufficient, but so far as anything 
he has said is concerned, it would fully explain the difference. 
Take, for instance, Fig. 2. The resistance at first is high, then 
it falls, and there is a minimum point at a little higher tempera¬ 
ture. But when the temperature begins to reach a point that 
evaporates the moisture, then it rises, as I think it must. I can¬ 
not imagine that anything else could occur. These materials 
were taken just as they were received. They were tested on 150 
different occasions, and they all gave substantially the same re¬ 
sults. They naturally contain a certain amount of moisture 
which must be driven off at some temperature. Hence, there 
must be a maximum somewhere between ordinary temperature 
and a temperature of, say, 150° C., because beyond that we know 
the temperature will finally destroy their insulating qualities, and 
we must have those maxima and minima points. It is simply a 
question of where they occur. I can imagine that under differ¬ 
ent conditions we might have those minima or maxima occuring 
at different temperatures, but that general form of curve must 
necessarily be correct, and anyone would naturally expect sub¬ 
stantially these results if he carefully considered the problem. 
If Mr. Scott remembers the form of those curves, I would suggest 
that he give them to us, also the temperatures corresponding. 
In regard to the limited range of these curves, as a matter of fact 
there were 102 tests made. I think it is very seldom that the 
Institute has a paper presented to it \yhich is the result of so 
many tests as that. I imagine that papers have been read here 
which were the result of only one test, or perhaps none at all. In 
regard to the oiled paper and oiled cloth, I would say that 14 
tests were made on the former and 28 on the latter; and they 
were made on materials furnished to us by all the prominent 
manufacturers in the country. In other words, we took insulat¬ 
ing material as we found it. The tests were made entirely with¬ 
out favor. The surprising fact was the uniformity or general 
similarity that was shown by the different samples of the same 
class of materials. In regard to the zinc phenpmenon, it was 
observed a year ago; and, while I did not intend to make this 
statement, as I should prefer to verify it a little more fully, ap¬ 
parently it is a fact that zinc is volatile at quite a low tempera- 
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tnre. A very small amount of zinc vapor is formed in the 
receiver, and If there is a piece of copper in the same receiver, 
the latter will absorb the former. That is a very startling state¬ 
ment perhaps, but after all it is not entirely dissimilar from other 
physical facts that are well known. Water has a vapor tension 
down to absolute zero, even ice evaporates. It is by no means 
necessary to have the temperature at 100° 0. in order to have 
water vapor present. It has a vapor tension at any temperature. 
Therefore, we might reason by analogy that the zinc also has a 
vapor tension, and there is a certain amount of zinc vapor pre¬ 
sent; in a space at a comparatively low temperature. It seems to 
me that, the analogy is not carried too far, and it is only necessary 
to have a small amount of zinc vapor present in the receiver at, 
anv "'iven moment, in order that the transfer may slowly occur, 
and during that time, a superficial deposit of zinc is produced. 
We intended to carry the experiments further before making a 
positive announcement on the subject, hut the discovery crept 

into this paper accidentally. , . , T . ... 

Mr. Scott : The form of the curve to which 1 referred is m 
general a uni form decrease from ordinary temperature until a 
temperature about a boiling point, is reached,the resistance tailing 
oil lairlv uniformly, and after that increasing, making a fairly 
smooth‘curve at the point of minimum resistance. Aftei that, 
time the resistance is under a temperature of, say, 12.) degrees to 
150 degrees centigrade, as i recollect, the curve. 1 here was no 
failing off-at anv rate, no falling oft so marked as that shown 
here hi the paper." The first.dip in the curve as presented in the 
paper, as seen in Kig. 2, seems to indicate the presence of moisture 
which is driven off, that moisture being driven off at about 40 oi 
MXlmnves centigrade. If that lowering of the grade is due to 
the driving off of moisture, the driving oil. has occurred much 
sooner and at a lower temperature in the curves here than in the 
curves to which 1 referred. That may he due to the condition 
of the apparatus. In the tests described m the paper, the spe,i- 
JAmlll in t »,„1 ,..itW.V suiTou.i.tii.l tow-™ 

and have great facility for throwing oil moisture Inti - ests 
to which I referred, the material was more confined—moie as it 
is in the insulation of a machine, and the moisture does not have 
sin Facility tor passing away. i 

flic special tests upon materials were made on >m^^ t! £ 
same conditions. Thu iron plates were about eight inches n 
d’iaineter so that tiic insulating material m between was fairly 
well confined. This may account for the difference nUhe fem- 
nerature at which the niumnum resistance ocxui.s. Aftu tiie 
moisture has passed off and resistance increased, the maximum is 

tlSmsiltuIn’c' 1 t’at'i^’CS pllinr In the other work to which 
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I. referred, the resistance at that temperature was as high or 
higher than it was in the beginning of the test. I am sorry that 
I have not some of these curves and more definite data in regard 
to them here, but will furnish some curves to be placed with this 
discussion later. In regard to the number of tests, 1 grant that 
102 is more than are often supplied with the papers. Very often 
papers are furnished on no tests whatever. But I draw atten¬ 


tion again to the statement that I made before, that although 
there are many tests here in number, they do not cover a very 
wide range in condition, and yet some rather broad general con¬ 
clusions are drawn from them. With regard to the transfer of 
zinc, I inferred from the paragraph in the paper that the zinc 
left the cylinder under the insulating material. If it did not, 
but was volatized from the ends or interior of the cylinder, or 
some other part, then that phenomenon is disposed of. 

Mb. Iyexnelly :—I think, if we appreciate the character of 
this paper, which is a very interesting and instructive one, we are 
not likely to form any unfair or unwarranted conclusions from 
the results which it shows. The subject matter is essentially a 
practical one, and can only be dealt with, it seems to me, from 
a practical point of view. The samples before us represent cel¬ 
lulose in a certain condition, containing certain additional materi¬ 
als of a coloring nature, and also additional materials of an 
oleaginous or varnish nature. It is also impossible to state what 
the specific resistance of such a material should be, except under 
so many incidental conditions, as to render the result, when stated, 
ot very little practical importance. The material is fibrous, 
loose m character, and the structure is capable of absorbing a 
comparatively large volume of moisture. The resistance of thin 
turns, of this substance is given in the curves before us, under 
certain practical conditions. Their true resistivity is out of the 
question The material contains water. Those of us who have 
experimented with condensers know how difficult it is to free 
paper entirely from the last trace of moisture. It has an absorp¬ 
tive power for moisture in the atmosphere which is only equalled 
by the avidity by which ammonia will be absorbed by water 
Lhe test is made under certain conditions in which a certain 
amount of water is present, and under a certain degree of pres¬ 
sure between the electrodes The water will be driven off at a 

the rSnfi?’ H d the Vap0r , wi11 have a secon dary influence upon 
ffie remits. If you vary the manner in which the experiment is 

made in any way, it seems to me we should look to have some 
corresponding variation m the results obtained ; but the results 
taken as they are and under the particular conditions in which 
i y were measured, are valuable, because we find them at tem 
peratures which are reached commercially. The specific resist 
ances of these materials, while high, are Very muKwerThan 

SS pffinf That *> l ^ink, S prit 

■nent point, and it is a very important point. Just where the 
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minimum and maximum will occur in these curves depends on 
causes so complex that the precise shape of the curve lias very 
little practical importance. 

Prof. Crocker: —"While Mr. Scott has explained the general 
form of that curve, it seems to me that the discrepancy which 
sounded very great at first, can now be at least partially explained. 
The conditions in the tests described in the paper were those 
where the moisture had a fairly good opportunity to escape, 
whereas in the experiments cited by Mr. Scott the materials were 
placed between iron plates, and opportunity for the escape of 
moisture was at a minimum. I should say that the moisture in 
the latter case was more confined than it is in practical ap¬ 
paratus, because material covered with wire, is a semi-porous- 
mass, through which the moisture can escape, but a sheet of in¬ 
sulating material placed between iron plates has the smallest pos¬ 
sible opportunity for the escape of moisture. Consequently, the 
natural result would be that it takes a higher temperature before 
the moisture is driven off; therefore, the maximum point of 
resistance is shifted to the right, because it takes-as Mr. bcott 
said—a temperature of something like 150° C. before the moisture 
is all driven off. It simply means that it must be forced off by 
actual boiling, in contradistinction to mere evaporation. JNow,. 
in 'Fio' 2, the maximum resistance was obtained at about <o 
degrees simply because at that temperature the moisture was- 
driven off under conditions which existed m that case, when the 
insulating material was covered with one layer of copper wire 
Me Steinmetz :—It appears to me, Mr. President, that one 
source of possible error has been overlooked m the paper, and 
that is chemical action. Most of the varnishes are compounds of 
organic acids, which are acted upon, and which act upon eoppei 
and esDeciallv zinc. It is quite possible that_ the varnish, has 
been acted upon by the zinc, and the results vitiated thereby. 

[COMMUNICATED AFTER ADJOURNMENT BY MR. CHAS. F. SCOTT.] 

In the discussion of the paper on “ Effect of Temperature on 
Tn an latino- Materials ” I referred to certain testb made by Mr. u.. 
E sSer M “timer to kindly furnished tie fotonng 
Satement of some results which he has obtained m h,s tort m 

th “ Some time ago a series of tests tore undertaker, to determine 
pleted apparatus A large ■ n .b ^ &nd untreated 

^feT^d^ 
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f i) Tests on Insulating Materials.—I arious methods of mak- 
Iqo* these tests were tried. The apparatus illustrated in Fig. 1 
was finally adopted for standard tests as being best suited for 
practical work. This piece of apparatus consists of two similar 
parts, the two parts forming the plates between which the insu¬ 
lating material is placed when tested. These plates are 10 inches 
in diameter and are carefully surfaced. Each part is made of 
two separate pieces of east-iron, fastened together as shown, and 
wound with a coil of asbestos covered wire. The heating of the 
apparatus is effected by sending an alternating current through 
the two coils in series. The heating results from the eddy cur¬ 
rent and hysteresis loss in the iron as well as from the copper loss 
in the coil. The rate of heating can be controlled easily by 
means of a suitable rheostat in circuit with the coils, the mass of 
iron in the heater being sufficient to prevent sudden changes of 




temperature from outside causes. The insulation resistance of 
the samples was measured in all cases by means of a high resis¬ 
tance voltmeter on a 5o0-volt circuit, all wires of the heating 
circuit being disconnected when the insulation measurements were 
made. This method of measurement was adopted on account of 
the portability of the apparatus and the facility with which the 
measurements could be made, a complete measurement of insula¬ 
tion resistance requiring from 10 to 15 seconds. Ordinarily the 
time occupied in making a complete test on a sample of material 
was from one to two hours. Insulation resistance readings were 
made at frequent intervals. 

In Fig. 2 is given a curve obtained from tests on a piece of 
untreated paper which is largely used for insulating purposes. 
As will be seen, the minimum resistance is reached at slightly 
below 100 degrees C. From this point the resistance rises 
rapidly until it reaches a point too high to be measured with the 
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apparatus used. The absolute value of the insulation resistance 
of any material of this class, depends on the amount of moisture 
in the material at the start, the rate of heating and the chance for 
the escape of moisture during the test. The temperature at 
which the insulation resistance is lowest depends slightly on the 
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for two samples of the same material are rarely the same, but the 
general shape of the curve has been found to be practically the 
same for all such materials, the tests extending over a period of 
several years and being made in many ways. 

The curve for treated material, such as oiled-paper, is similar 



to the curve shown in Fig. 2. The absolute value of the insula¬ 
tion resistance depends largely on the drying of the material 
before treatment. Samples of cloth which were treated with 
linseed oil after being thoroughly dried and then the oil baked on, 
do not at any time show a very low insulation resistance, even at 
a temperature of 150 degrees C. 
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In Fig. 3 are shown curves for a sample of .015* calendered 
press-board. This press-board is made of a mixture of scrap 
paper and rags. The test on this sample was made as follows: 
The temperature was gradually raised to 120 degrees 0., the time 
occupied in reaching this temperature being 30 minutes. The 



Fig. 4. 


temperature was maintained constant at 120 degrees for 31 hours. 
At the end of this time the temperature was increased to b0 
degrees. At the end of 30 minutes the insulation resistance had 
fallen from 85 megohms to less than one megohm and again 
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risen to about 12 megohms. The lowest point reached was .032 
megohms. At the end of TO minutes the insulation resistance 
had become too great to be measured by the apparatus at hand. 
Frequent readings were taken during the 31 hours’ run at 120 
degrees C., but at no time was it possible to measure the insula¬ 
tion resistance. When the temperature was again raised at the 
end of 31 hours, the insulation resistance again fell. At 150 de¬ 
grees the first measurements could be made. At 195 degrees 
(point c on the curve) the first smoke was noticed issuing from 
between the plates. At 220 degrees C. (point i> on the curve) 
smoke was issuing in volumes from all sides of the piece under 
test. At 280 degrees the sample was charred to such an extent 
that the edges extending beyond the heating plates were broken 
off. At this point the test was unavoidably stopped. Sixty 
hours later, the sample not being disturbed in any way, it was 
found that the insulation resistance was above 100 megohms. 

(2) Tests on Completed Apparatus. —In Fig. 4 is shown a 
curve taken from tests on a motor armature which was wound 
without previous drying of any of its insulating materials. The 
motor was run with an overload, and measurements were made at 
frequent intervals. The temperature could not be taken until 
the end of the run, when it was found to be about 110 degrees 
G. The drop in the curve at the points a and b is accounted for 
by the fact that the load was increased at these points, thus in¬ 
creasing the temperature of the armature. The lowest insulation 
resistance reached in this test was 4,500 ohms. At the end of 7<> 
hours the insulation resistance on the armature had become so 
high that insulation resistance measurements could not be made. 
After standing for 17 days the test was repeated. The general 
shape of the curve for the second test was* the same as for the 
first, but the insulation resistance did not drop so rapidly nor so 
low, the lowest point reached being 500,000 ohms. Insulation 
resistance measurements made on the fields at the same time show 
that the resistance of this part did not drop so rapidly, but re¬ 
mained low for a longer time. This is explained by the fact that 
there is a greater amount of wire in the field coils and not so 
good a chance for the escape of moisture. The curve in Fig. 4 
is characteristic of all apparatus tested. The lowest values 
reached, however, for different apparatus, vary greatly with the 
character of the apparatus and the previous treatment. Motors 
which were wound with materials which had been treated then 
dried, and the motors again dried after being wound, show the 
best results. 

(3) Relation Between Breaking Down K M. F and Insu¬ 
lation Resistance .—An attempt was made to establish the rela¬ 
tion. between the breaking down test of insulating materials and 
their insulation resistance. For this purpose samples of paper 
which gave a very uniform breaking down test in the normal 
state, were heated up until the insulation resistance reached a cer- 
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tain ‘predetermined amount, when the breaking down test was 
quickly made. It was found impossible to establish any definite 
relation between the two, even for a given material. It was found, 
however, that a low insulation resistance usually meant a low break¬ 
ing down test, but a low breaking down test did not necessarily 
mean a low insulation resistance. These two tests may be com¬ 
pared to the chemical analysis and the tensile test of iron. A 
poor chemical analysis means poor physical qualities, but a good 
chemical analysis does not indicate whether or not thei m e are flaws 
in the metal. 

(4) Conclusions .— 

(a) The insulation resistance of all ordinary fibrous insulating 
materials, such as paper, cloth, etc., decreases upon being heated 
up and then increases again when the moisture is expelled. 

(b) Continued heating of 31 hours at 120 degrees C. does not 
lower the insulation resistance of paper. 

(e) The insulation resistance of completed apparatus shows the 
same characteristics as the insulation resistance of materials taken 
separately. 

{d) A low insulation resistance is not necessarily an indication 
of poor insulation, but probably an indication of the condition of 
the apparatus in regard to moisture. 

(e) A high e. m. f. should not be applied to apparatus when 
the insulation resistance is low. 

(y*) Material which is badly deteriorated mechanically by heat 
may still have a high insulation resistance, but very poor insula¬ 
ting qualities.” 
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AN EXI’KRI MENTAL STUDY OF ELECTRO-MOTIVE 
FORCES INDUCED ON BREAKING A CIRCUIT. 


BY F. ,1. A. MoKITTRIOK, WITH AN INTRODUCTION BY 
DR. KDWARI) L. NICHOLS. 

Preliminary Note. 

The method described by Mr. Mclvittrick in the following 
j )a per is one that has been developed by successive steps to meet 
the mjuirements of the study of fluctuating electric currents. As 
long ago as 1880 .loubert 1 introduced what has since proven an 
extremely useful method in the study of alternating currents, 
namely, that of instantaneous contact. This method was used 
independently and almost simultaneously by Thomas and Geyer- 
and has since been developed and perfected by Duncan- 1 3 , Ryan 4 , 
Bedell 5 and many others. It. has remained in use ever since and has 
been of the highest service. A variety of methods for the record¬ 
ing of current curves, principally by the aid of photography, 
have been added. The first, attempt in this direction was made 
by Frohlieh' 1 in his well-known experiments with a mirror mount¬ 
ed upon the diaphragm of a telephone. The photographic method 
has been further developed by BlondeD and others. In 1892 
Moler H constructed a galvanometer, the needle of which had a per¬ 
iod so rapid as to make it possible to follow fluctuations, th e period 

1. Jonlxart, Jmtrnul de Phytiqm 1880. 

2. Thomas and Gayer; A. I. K. K.. vol. viii, r 99!!, vol. w, I- *»• 

3. Duncan, Hutchinson and Wilkes; Electrical World, vol. xi, p G>0. 

4. Hyan; A. 1. K. E., vol. vii, pi. 

r>. Bedell, Miller ami Wagner; A. 1. K. B-> v °b x . P 4>) o. 

(For further references see the last, named paper.) ^ 

(t, Kriihlieh; Elektrotechnuche, ZciUchrift , vol. x, p 345. 

7. Blondel; La Lumiere Klectriqm. vol. xli, p 401. 

5. Motor; A. I. K K, vol. viii, p 324. 
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of which did not exceed one one-hundredth of a second. In this 
instrument, as is well known, the record was made by the move¬ 
ment of a pointer over the surface of a smoked cylinder. Since 
the construction of the Moler curve-writing galvanometer, 
Hotchkiss 0 has busied himself with the development of an in¬ 
strument the needle of which has a much higher rate of vibra¬ 
tion. By means of this galvanometer, which is described in the 
succeeding paragraphs of this paper, a great variety of 
curves have already been obtained, and its application to the 
problems studied by Mr. McKittrick is herewith presented to 
the Institute in the belief that it will serve to illustrate* the use¬ 
fulness of the method in question. 

—„—— <> - 

Since the days of Faraday, many experimental studies have 
been made of induction currents. The list of experimenters is a 
long one including, in Europe, the leading physicists of each gen¬ 
eration, while on this side of the Atlantic the researches of Henry 
have connected his name permanently with electro-magnetic in¬ 
duction. .Nearly all the researches have been made by the aid 
of a secondary circuit. Mr. F. K. Mill is has however, photo¬ 
graphed the extra current in the circuit itself when the w, m. f. is 
suddenly removed, and has shown that it has a. physical as well as 
a mathematical existence. (P/ujs. /A c., vol. iii, No. 17.) One of 
the earliest forms of circuit; by which Faraday illustrated the 
existence of the extra current of self induction is shown in Fig. 1, 
in which c is a coil containing iron, such as an electro-magnet, 
through which a current is flowing from a battery a ; it is another 
circuit containing a galvanometer connected in parallel with oat 
the points f and a. By blocking the needle of the galvanometer 
so that it is not deflected by the battery current; flowing from f 
to o, it will indicate, on breaking a, the presence of a current 
flowing from u to f induced, as we know, in the branch o, That 
this induced current may exceed in intensity the original current 
flowing through b maybe simply shown by placing in n an incan¬ 
descent lamp. Under suitable conditions, while the steady current 
from a is flowing, the lamp will remain quite dark, but on break¬ 
ing the circuit a, it will flash into incandescence. 

The present paper is an attempt to describe the results of an 
introductory experimental study of the induction phenomena 
exhibited when the above form of circuit is broken. The results 

9. Hotchkiss and Millis; Physical Review, vol. iii, p 49; also b\ K Millis, 
Physical Review, vol. iii, p 351. 
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presented must be regarded as chiefly illustrative, but it is hoped 
that they may be found interesting, perhaps useful, to the 
Institute, since the tields of all dynamos and motors are enor¬ 
mous electro-magnets and at every change of the current through 
them, e. m. f.’s are developed, a knowledge of which is essential 
to the electrical engineer. 

In the galvanometer for photographing alternating current 
curves (Physical Review, vol. iii, No. 13) which has been brought 


& "K. L-. 



to such a high state of perfection by Messrs. Hotchkiss and Mil¬ 
lie, we have an ideal instrument for studying such rapidly vary¬ 
ing currents as accompany a break in a circuit. It was by the 
aid of such an instrument that the present work was done. 

In the article cited above, the construction of this galvanome¬ 
ter is fully described. Since, however, the form used by the 
writer was modeled after later designs of Mr. Llotchkiss, it may 
be well to outline briefly the construction of the principal parts. 

The apparatus in question is a photographic galvanometer. 
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From a minute mirror attached to an equally minute needle, light 
from some source is reflected to a narrow slit past which a photo¬ 
graphic plate is dropped, thus recording any motion of the needle. 
In the experiments to be described, the needle used consisted of a 
minute piece of soft iron 1.65 mm. by 1.07 mm. and .07 mm. thick, 
to which was attached a mirror .53 mm. by .42 mm. made from a 
silvered microscope cover glass. The needle and mirror are 
mounted on a quartz fibre. Lengthwise of a brass rod .32 cm. 
in diameter is cut a slot .16 cm. wide, of equal depth, and about 
3 cm. long. At the bottom of this slot and about the middle of 
its length, a hole, the same width as the slot and .7 cm. long, is 
drilled through the remaining portion of the rod. To the shoul¬ 
ders thus formed the quartz fibre is attached, suspending the 



Fig. 2. 

needle and mirror in the middle of the hole. This brass rod and 
the needle suspended in it can be seen in Fig. 2. 

From the vibrations of a standard tuning fork (768 vibs) 
photographed on a plate with those of the needle, the period of 
the needle is easily found. It is 2656 complete vibrations per 
second. 

The general construction of the galvanometer can be seen from 
Fig. 2. The permanent horse-shoe magnet has a length of 20 
cm. and a total width of 10.8 cm. A block of wood 10.8 cm. 
by 4.9 cm. by 1.6 cm. slips over the ends of the magnet as 
shown, while in a second block 10.8 cm. by 4.9 cm. by 2 cm. 
is a groove 2.5 cm. wide and 1.5 cm. deep, carrying the tapering 
pole-pieces as shown. The two coils of the galvanometer are 
fixed by paraffin in holes 2.5 cm. in diameter and 1.7 cm. deep, 
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bored, one in each block, so that one coil is flush with the sur¬ 
face of the first block, and the other with the bottom of the 
groove in the second. These two blocks are placed face to face 
and fastened by screws. The brass wire containing the needle 
is slipped vertically down between the coils and pole-pieces as 
shown. Connection between the two coils is made by a spring, 
the other terminals being connected to binding posts. 

The coils of the galvanometer were wound with No. 36 b & s. 
copper wire on a standard form used by the mechanician of the 
Physical Department for the construction of the most sensitive 
galvanometers. The resistance of the coils in series is 270 ohms 
at 18° (.1, while the self-induction is so small that attempts at de¬ 
termining it have led to negative results. 

The pole pieces mentioned above and shown clearly in Fig. 2, 
were made of soft iron 2.5 cm. wide and .5 cm. thick. Each was 
3 cm. long and tapered to a tip .5 cm. by .2 cm. They fitted 
tightly into the groove and were adjusted by microscope to equal 
distances from the needle 

In order to protect the photographic plate from light, the part 
of the apparatus shown in Fig. 3, was constructed. The vertical 
glide, in which the plate drops, is 18 cm. by 7.5 cm. and 90 cm. 
long. In the inside of the slide, two cleats extend the length of 
the box between which and the hack of the box the plate-holder 
drops One cleat extends only to within 23 cm. of the top of the 
box in order that the holder may he placed in position. A second 
box 48 cm. by IS cm. by 10 cm. containing the galvanometer is 
attached by one end to the slide, the other end being supported 
by logs. Where the boxes arc in contact, an opening 1.7 cm. by 
15 cm. is cut through both, and across this opening on the inside 
of the slide, is pasted a piece of cardboard having a narrow hori¬ 
zontal slit 12.7 cm. by .05 cm. aWl through which the reflected 
light from the galvanometer passes to the plate. Eight passes to 
the. mirror of the galvanometer through a vertical slit in a shut¬ 
ter shown (dearly in Fig. 3. This shutter is adjustable about a 

vertical axis at the end of a box. 

The galvanometer is so supported that it is adjustable by hand 
about a vertical axis passing through the needle, while a screw at 
the end allows delicate adjustments to he made about a horizon¬ 
tal axis. Before dropping, a brass catch holds the plate holder 
in position from which it can ho released at will, while a cushion 
•of waste at the bottom of the slide diminishes the shock of the 
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drop and a small spring catcli prevents a rebound. The whole 
apparatus is painted a dead black, while felt attached to the doors 
serves to keep out all useless light. 

A small mirror which is attached to the galvanometer itself, 
and is adjustable, was used to trace out a reference line as seen 



Fkj. Ji. 

on the curves. By it an exact zero line could he obtained but 
only with great care in adjustment. Since in general an absolute 
zero line is not necessary, this mirror was usually only adjusted 
to trace an approximate zero line. 

The calibration curve for the galvanometer is given in Fig. 5. 
The arrangement of apparatus during the investigation is shown 
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in Fig. 4, in which c is an electro-magnet through which a current 
is flowing from a battery in the branch a ; b represents the gal¬ 
vanometer placed in series with a high resistance in parallel with 
c at the points f and g ; l is the arc lamp, and s the slide in 
which the plate drops; h is a form of circuit breaker placed in 
a and controlled by an electro-magnet operated by an auxiliary 
circuit. When a current is flowing in this auxiliary circuit, the 
terminals in the breaker are held in contact against the force of 
a spring and the circuit through c is complete. The plate holder 
in dropping, operates a trip which breaks this auxiliary circuit, 


C 



Fig. 4. 


and hence the main circuit, the effects of the break being- 
recorded on the plate. 

The circuit breaker used, consisted of a modified form of tele¬ 
graphic sounder. The frame-work which usually limits the mo¬ 
tion of the armature lever was removed, and the lever itse 
lengthened. To the end of this lever, at right angles to it, and 
in a vertical plane, was fastened the metal forming one terminal 

to which was attached, a wire carrying the current. This , * 

was so flexible that it did not materially interfere with the moti 

of the lever. The upper terminal consisted of a strip of me 
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about .04 cm. in thickness, tapering to a width of about .2 cm. 
The other terminal was a sheet of the same metal about 5 cm. 
square, placed horizontally beneath the upper terminal. 

The source of light used was an arc lamp fed by hand, and en¬ 
closed in a box, in the front of which a vertical slit, .5 mm. in 
width, allowed the light to pass to the mirror. The carbons were 





DE FLECT I ONSJ N CMS. 

” 1 ~.* 4 '. t . 

Fro. 5. 


tilted at an angle of about 30° in order that the brightest lighl 
from the crater might be reflected to the plate. 

Since the phenomena which we wish to study occurs when the 
circuit a is broken, it is well to examine what happens when s 
circuit through which a current is flowing is opened, and by whal 
law the current falls to zero. 

As we open a metallic switch, for example, an arc is formed 
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through which the current continues to flow until the terminals 
of the switch become separated so far that the k. m. f. of the cir¬ 
cuit is unable to force a current across. The spark then breaks.. 
What actually occurs in the formation and rupture of such an 
arc is unknown. The nature of the arcs so formed must vary 
under different conditions of breaking, and the law by which the 
current reaches zero in each case must vary with the arc so form¬ 
ed and its time of duration. 

It has been established theoretically and verified experiment¬ 
ally, that, on the removal of the impressed e. m. f. from a circuit, 
the current reaches zero by a logarithmic curve. That the cur¬ 
rent curve under the conditions of an ordinary break may differ 
widely from a logarithmic curve can be easily understood. That 



Piu, 6. 


HU,ill actually in the ease, can bo seen from bigs. 6 and 7, whic 
Hhow the dviug away of the current, when a simple circuit is bro¬ 
ke. Those curves wore obtained by connecting the galvanometer 
just described, in parallel with a non-inductive resistance of 3 385 
ulims, placed in series with the coil c used during the present; in¬ 
vestigation, and breaking the circuit in the manner described 

,lh In' big <i, the three curves represent a “break” under differ¬ 
ent conditions. The curves are traced from left to nght. 
three straight, lines are the three reference lines, approximately 
ren, lhu " Beginning at, the left, the straight part of each curve 
represents the Lady deflection of the needle, the 

deflection from the zero line being proportional to tlie strength 
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of the current. The point at which the “break 5 ’ begins is clear¬ 
ly marked by a slight notch. From that point the curves fall 
away approaching the reference line quite slowly at first but 
abruptly at the end. From the point where the “ break 55 ends, 
the curves run parallel to the reference line. 

Fig. 6 (1) is a “break 55 in which the terminals of the circuit- 
breaker are of copper, e, the e. m. f. of the circuit is 170 volts, 
l, the self-induction, .029 henrys and I, the current flowing be¬ 
fore the “ break, 55 5.2 amperes. The time taken by the spot of 
light to trace out any part of the curve is found by comparing 
the curve with the vibrations of a tuning fork of known pitch 
photographed on a plate dropping at same speed. Since in all 
cases the plate holder fell quite freely, it may be assumed that the 
speed of all plates in passing the slit was the same. The duration 
of the spark in Fig. 6 (1) is thus found to be .065 second. 



Fig. 6 (2) shows a “ break 55 when the breaking terminals were 
of brass, all other conditions remaining as in (1). The time of 
duration of the spark is .075 second. 

Fig. 6 (3) shows a “break 55 under the same conditions as (2), 
except that the spring of the circuit-breaker is strengthened, thus 
separating the terminals more quickly, and hastening the destruc¬ 
tion of the arc. The time of duration of the spark is .068 seconds. 

Fig. 7 (2) and (3) show “ breaks 55 with brass and copper ter¬ 
minals, respectively, in which the current is the same as in Fig. 6, 
but the spring of the circuit-breaker, weaker. The spark in (2) 
lasts longer than one-ninth of a second, so that its ending is 
not recorded in the plate. In (3) the terminals are of copper and 
the spark again ends more quickly than with brass terminals. 
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Fig. 7 (1) shows a “break” with brass terminals, the current 
being only 1.5 amperes, while other conditions remain as in (2) 
and (3). 

Fig. 8 (1) and (2) show current curves for a “break” from 
zinc terminals. The irregularities in the curves are characteristic 
of all “breaks” from zinc terminals, and seem to indicate that 
the arc formed is very irregular. 

The current curves just discussed can, however, be only ac¬ 
cepted as illustrative of one method of breaking the circuit. 

It is clear that in order to follow theoretically the instantane¬ 
ous values of the induced currents in the form of circuit shown 
in Fig. 1 when a is broken, the current curve during the break 
should be known. Since, in general, this curve is not known, it 



is only possible to consider particular cases. Let us examine, 
then, what occurs under perhaps the simplest conditions which 
can be imagined. 

Consider again the circuit in Fig. 1. Let H 0 X 0 be the resis¬ 
tance and self-induction of the branch a, and let Hi L\ and H^I^ 
have the same meaning for c and b, respectively. Let Z 0 be zero, 
for simplicity, and L x > Z 2 . During the break in a, we shall 
have three sources of e. m. f. in this circuit, viz., the e. m. f. of 
the battery a, which we shall call e, and the two e. m. f.’s 
of self-induction; one in c and one in b. Let us think of 
the current produced in any branch by each e. m. F; as 
separate from that produced by each of the others. The 
resultant actual current at any instant in any branch will be 
the resultant of the three hypothetical currents generated re¬ 
spectively by the three e. m. f.’s. That it is legitimate to think 
, 0 f each e. m.' f. as generating its own current independent of the 
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action of other e. m. f.’s in the circuit, is evident when we con¬ 
sider that the solution of any differential equation for the current, 
in any circuit in which there are several sources of k. m. f. results, 
in an expression involving the sum of different terms, each term 
representing the value of a current produced by a corresponding 

K. M. F. 

Let the current due to e be / 0 , dividing into I x through e, and 
/ 2 through b. Let l x be the current produced by the e. m. f. of' 
self-induction in c, and dividing through the branches b and a,. 
and let R x l and L x be the equivalent resistance and self-induction 
of the path of this current. Let L l be the induced current in b, 
and I 2 \ R 2 \ the equivalent self-induction and resistance of its 
path. 

Suppose now that when a is broken, the character of the break 



Fro. }). 

is such that 7 0 decreases uniformly during T the time of duration 
of the spark. If we plot currents as ordinates and times as. 
abscissae in Fig. 9, we may represent the decrease of / I and I 2 
by the straight lines i\ q and i>, q respectively, where o q repre¬ 
sents T 7 , the time of the duration of the spark. 

We have during that time 7) L x I x lines of force in the field of 
c, due to I x , uniformly removed, and hence we have a uniform 
e. m. f. acting in the circuit o during that time, equal in magni¬ 
tude to A/ 1 . At any instant, then, we have for the instantane¬ 
ous value of the induced current 
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and if iiV and Z, 1 were constant, would increase according to 
a logarithmic curve. 

-Now ZV is not even approximately constant. For 
i?! 1 = Z?, 4- - 

and Z? 0 is increasing rapidly. Z, 1 may be represented, then, by 
some curve O M u whose form; will vary with the character of 
the spark, rising to a maximum at the end of the time T, and 
from the point M x dying away according to a logarithmic curve 
M x JV, whose equation is 

•l _ -i _ + ^2 l 

Zj zi max X & L x -{- Ij q 

Similarly, we can represent the induced current Z 2 * in b by the 
curve OM t , during the time of the spark, and M t N afterwards. 

1 he current through o, at any instant, is the resultant of l x , 
and at that instant, and the part of the current Z, 1 which is 
then (lowing through o. Denoting the instantaneous value of 
this resultant current through c by %, we have 

i - = i ' +i '- 7uhip 

From this equation we see that since, by assumption, > i ,}, 

i will always be positive. When l = 0, then we have ~9. _ 

A'o + -Aj 

unity, and i e = — ij. From that instant at any time t 

_ / . j » j, _ + i? 2 l 

■* v 1 % ) at end ol time T X & L l -j- .7> s 

If the curve Om 2 M a represents the proportion of i.J which 
flows through a, v, 0 may be plotted by adding at each instant the 
coordinates of the curves (,) M x JV, I\ Q and 0 J/ 2 taken with 

their proper signs. The resultant curve for the current flowing 
in c will be J\ P /V. 

Similarly for %„ the instantaneous value of the resultant cur¬ 
rent in b, we have 

L. _i- -».i A ., 

mi — 's r '2 -7j—j —fy h • 

Since i t ' is increasingly greater than ij, this equation shows that 
gradually decreases and that at some time when 


hi v s -j- '/j 1 


4 + 
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i B is zero. After that i R is negative and gradually increases to a 
maximum at the end of the time T. % is then zero, A', infinite, 
7? 

■=-unity, and From that instant i B de- 

/r 0 

creases to zero according to the equation, 

. J , J _ 7 ?! + Ji 2 t 

^'B =: (?2 ^l*) at end of time T X & h\ -p 

After the ending of the spark, we thus have % equal in magni¬ 
tude to v If 

_a_ i i 

K + 

is represented by the curve 0 m, x M y , i B will be represented by 
the curve P % P /V whose ordinates at any instant will be the sum 
of the ordinates 1 J » T, O M 2 JV and Om, x M x N, taken with their 
proper signs. 



The curves shown in Fig. 9 must he accepted as merely illus¬ 
trations of the form the current curves might assume under cer¬ 
tain conditions. Since they are obtained on the assumption that 
the current /„ dies away uniformly, it is scarcely to be expected 
that the photographs obtained of the current through n during 
the “break” would agree in detail with the curve drawn above. 
Since in the present investigations the resistance of the branch 
b was 300 times that of o, no attempt could be made to draw the 
curves in Fig. 9 to represent the magnitude of the currents 
in b and o during this investigation without destroying the clear¬ 
ness of the figure. 

It has been difficult to obtain photographs of /„ which arc 
distinct enough to reproduce for publication. For the current 
curve is irregular, and since the needle possesses some inertia, 
the very sudden changes in the current produce vibrations which 
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are difficult to photograph. It has therefore been necessary, in 
order to reproduce the faintest of these curves, to print from posi¬ 
tives on bromide paper and sketch in the outline obtained. 

Fig. 10 (1) (2) show current curves for the branch b, reproduced 
in this way. The curves are traced from right to left. The 
straight part of each curve at the beginning is the steady deflection 



Fig. li. 


of the needle from zero, representing the current flowing before 
the break. This deflection was to the left, and hence appears 
below the zero line, as viewed in Fig. 10. The point where the 
break begins is clearly marked by a sudden deflection toward the 
zero line. From that point the curve dies away to the zero line, 
crosses it, rises to a maximum on the other side, and from there 


i i 

i 


i 



Fig. 12. 


falls to zero by a curve logarithmic in form. The marked vibra¬ 
tion of the needle at or near its point of maximum deflection is 
striking, and shows that at that instant the current suddenly 
changes in magnitude. 

From the curves obtained in Fig. 9, we see that the current 
curve for b undergoes such a change at the point p, where we 
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Lave supposed the spark to end, and we therefore might conclude 
that these violent vibrations of the needle in Fig. 10 would mark 
the ending of the spark in the branch a. This conclusion is sup¬ 
ported by Fig. 12, in which (3) represents another current curve 
for the branch b, while (1) and (2) show current curves for a and 
c, which were obtained by shunting the galvanometer across a 
non-inductive resistance of 3.385 ohms, first in the branch a, and 
then in the branch c, the branch b being kept complete and of 
the same resistance as when the galvanometer was in it. 
Since these photographs were obtained consecutively and not 
simultaneously, and since it is doubtful if two sparks can be ob¬ 
tained of exactly the came character, these curves can not be 
rigorously compared. Considering the variable nature of a spark, 
the close agreement between the time at which the spark ends in 
a and o, as shown in (1) and (2), and the time at which the 



Fro. VI 

marked disturbance of the needle occurs in n, as shown in (3), 
justify the above conclusion. Pig. 11 ( 1 ) (2) (3) show another 
such group in which the agreement is not so exact. 

In comparing (2) and (3) Fig. 12, the current curves for c and 
n, it might appear that after the break / R is zero, while /„ dearly 
does not reach zero for an appreciable time. Hut we have seen 
that after the break, 7 C and /„ have the same value! The ex¬ 
planation of this apparent inconsistency is found in the fact that 
the scale to which J lt its traced is twenty times as great as that to 
which f 0 is traced, and hence a current which is represented by 
a considerable ordinate in the one case, is scarcely noticeable in 
the other. 

Mgs. 10 and 11 (3) (4) (5) illustrate the effect on the current 
through b, of varying / 0 , the current through a at the instant of 
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breaking the circuit, other conditions of the circuit being kept as 
constant as possible. In Fig. 11 (5), T 0 is .75 amperes; in (4), 
1.5 amperes; in (3), 2.25 amperes, and in Fig. 10(2) and (1), 
I 0 is 3.5 and 5.2 amperes, respectively. The curves show us that 
increasing the current / 0 , increases the duration of the spark, and 
the maximum point to which the current curve I B rises. 

Fig. 13 illustrates the effect on I B of increasing the strength of 
the spring in the circuit-breaker. We have already seen in Figs. 

/ 

..MW 






2 








Fig. 14. 

6 and 7 that increase of the strength of the spring in the circuit- 
breaker decreased the duration of the spark. The curves (1) (2) 
(3), taken with decreasing strength of the spring, further illus¬ 
trate this. No marked effect on the height to which I B rises can 
be noticed. As nearly as the curves can be measured, (2) and (3) 
rise to the same height, while (1) is slightly less than either. 

Figs. 14 and 15 illustrate the effect on I B of change in the 
k. m. f. in the branch 4, the current / 0 , and speed of breaking 
being kept constant. In Fig. 14 (1) E is 300 volts, in (2), 170 


J 


% 


% 








Fig. 15. 

volts, and in Fig. 15, 58 volts. In the first case, the spark lasts 
.115 second; in the second, .066 second, and in the third, .018 
second. The height to which / B rises decreases as e increases, be¬ 
ing .4, 1.25 and 1.4 cms. above the zero line in the three cases, 
respectively. 

Since the resistance of the branch b was very large compared 
with that of c, the one being 1570 ohms and the other 5.815 
ohms, i and ' since its self-induction was negligible, the current 
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tln-ougli the galvanometer n may he taken as a measure of the 
difference of potential between the points v and o (Fig. 4). 
Since this potential difference after a short time is largely due to 
the induced e. m. f. in the branch c, and, after the break, wholly 
due to it, the current curve for n may be taken as indicating the 



variation of this induced e. m. f. during the break, and as approx¬ 
imately representing it in magnitude. 

Irom the curves shown above, we gather that the arc formed 
by a break is exceedingly variable in character and duration, and 
that the e. m. f.’s induced by the break vary with the arc formed. 

We note that («) the duration of the arc depends upon : 

I. The current flowing at the instant of break. The variation 
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of the duration of the arc with the current, as calculated from 
Figs. 10 and 11 (Table I.), is shown graphically in Fig. 16. 

TABLE I. 


No. 

h 

Amperes. 

E 

Volts. 

Terminals 

of 

Circuit 

Breaker. 

. 

Duration 
of Spark, 
Seconds. 

Maximum 
P. D. at 
points F & G 
Volts. 

Maximum 
Current 
Flowing 
Through b 
Amperes. 

Fig. 6 

(i). 

5*2 

170 

Copper 

.065 

„ 

_ 

*‘ 

(2). 

5 2 

176 

Brass 

.075 

— . 

— 


( 3 >. 

5.2 

170 

“ 

.068 

— 

— 

Fig. 7 

m. 

T 5 

170 

Brass 

.066 

— 

— 


(2). 

5-2 

170 

“ 

— 

— 

— 

Fig. 8 

( 3 ). 

5*2 

170 

Copper 

.115 

— 

— 

O'. 

2 15 

i6q 

Zinc 

.042 

— 

— 

“ 

(2). 

2.15 

160 

Zinc 

.046 

— 

— 

Fig. io 

0). 

5-5 

125 

Brass 

.047 

62.0 

.042 


(a). 

3-4 

125 


.061 

57 -o 

.038 

Fig. 12 

(\>. 

4.2 

125 

Brass 

•055 

— 

4 


4.2 

125 

* 4 

• c 57 

— 

— 

u 

( 3 ). 

4.2 

125 

Brass 

•057 

4°*5 

.027 

Fig. it 

(i). 

2.1 

125 

— 

— 

— 

u 

O). 

2.1 

125 

kt 

— 

— 

—- 

u 

<3 . 

2.1 

125 

“ 

.o 3 t 

49-5 

•°33 

“ 

( 4 ). 

1 2 

125 

“ 

.026 

4^*5 

.031 

“ 

( 5 >. 

•75 

125 

Brass 

.0T5 

25-5 

.017 

Fig. 13 

(0,.. . 

2*75 

125 

.024 

30.0 

.020 


(a).. 

2*75 

T25 


.034 

45 -o 

.030 


(3) . 

2-75 

125 

Brass 

.058 

46 5 

.031 

Fig. i4 

0). 

2.25 

300 

.115 

15 0 

.010 

44 

(2>. 

2.25 

170 

44 

.od6 

45 -o 

.030 

Fig. 15 

(0. 

2,25 

58.5 

Brass 

.018 

51-0 

•034 


II. The k. M, f. of the battery in the branch a. An increase of 
the battery e. m. f., other things being equal, always increases 
the duration of the arc. 

III. The speed at which the terminals of the circuit-breaker 
are separated. Increase in the speed at which the terminals of 
the circuit-breaker are separated hastens the destruction of the 
arc. Figs. 13, 6 and 7 illustrate this point. 

IV. The metals of which the terminals are composed. We 
have seen in Figs. (> and 7, that a break by copper terminals 
is of shorter duration than a break from brass. A break with 
zinc terminals does not seem to differ greatly in duration from 
a similar break with brass. 

(#) The character of the arc formed varies, of necessity, with 
any condition that affects the duration of the arc. In particular, 
however, zinc terminals seem to produce a very irregular arc. 
In Fig. 8, the irregularities in the current curves are peculiar to 
zinc breaks. The curve for I n with zinc terminals, not shown 
in this paper, possesses similar irregularities. 

(<?) The e. m. F. ? s induced by the break, as indicated by the in¬ 
duced current flowing through b, vary also, of necessity, with any 





































264 McKITTRICK ON INDUCED ELECTROMOTIVE FORCES. [May; 20, 

condition that affects the duration of the spark. The maximum 
induced e. m. f. varies with : 

(1) The current flowing at the instant of break. From Figs. 
10 and 11, as tabulated in Table I., Fig. 17 is plotted, showing 
the variation of maximum induced e. m. f. with the current. 

(2) The e. m. f. of the battery. The variation is shown 



in Table I. An increase of k. m. f. prolongs the duration of the 
spark and prevents a high induced k. m. f. 

(3) The speed of breaking. Owing to the vibrations of the 
needle, the height to which the curve actually rises is difficult to 
determine. There seems to he very little difference, however, 
between these curves in this respect. Other experiments,, how- 
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•ever, described below, show that the maximum induced e. m. f. 
increases with the speed of breaking. 

The apparatus described above was constructed with the aid of 
Mr. W. J. Lester, and, with his help, experiments were made to 
determine the e. m. f. induced in the field of a motor when the 
current flowing through it is broken. The motor used was a 
Thomson-Houston, No. 3322, Class 30 R. 500 volts. The field 
coils in parallel had a resistance of 2.05 ohms and a self-induction 



Fig. 18. 

of .15 henry. The arrangement of apparatus was as before (Fig. 
4), o being, now, the field of the motor disconnected from the 
armature, while the source of e, m. f. in a was 100- volt mains. 

In order to hasten the destruction of the are, in some of the 
experiments an electro-magnet was placed so that the arc formed 
in a magnetic field. Under such circumstances, the curves ob¬ 
tained were very irregular and the vibrations of the needle became 
so great that it was found necessary to drop the plate more slowly, 



Fig.19 


in order to get greater effect on the plate. By means of a pulley 
fixed at the top of the slide, over which passed a cord to which 
was attached the plate holder and a counter-weight, any desired 
speed could be obtained. 

The electro-magnet, used to blow out the arcs, consisted of 100 
turns of No. 18 n. and s, copper wire, wound on wrought-iron 
pqle-pieces about 2.5 ems. in diameter, on which were mounted 
tapering pole-tips. This magnet had been previously calibrated 
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in the laboratory, but since it was inconvenient to place the 
terminals of the circuit-breaker directly between pole-tips, the 
strength of the magnetic field could only be estimated very ap¬ 
proximately. During the experiments, the strength of the field, 
varied probably from 1,000 to 8,000 lines per sq. cm. 



Pig. 


20 . 



Fig. 21. 


-«-« 



»-*- 

Fig. 22. 


Fig. 18 is one of the curves obtained. An interesting 
point to be noticed is that, the curve passes its' maximum point 
before the spark ends, differing in this respect with the curves 
above. Other curves were obtained, showing this same feature. 
4i is 11 amperes, the duration of the spark .05 seconds, and the 
maximum induced k. m. f. 365 volts. 
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Fig. 19 shows a curve obtained when I 0 is 42 amperes. The 
spark lasts much longer. bTo marked disturbance can be detected 
on this curve to mark where this spark ends, but only a slight 
vibration after the drop from the highest point of the curve. 
The duration of the spark is probably .14 second, and the maxi¬ 
mum induced e. m. f. 265 volts, which is less than in the preceding 
case when I Q was only 11 amperes. 

Eig. 20 shows the form of curve when the plate is dropped 
slowly and the arc blown out by a magnet. I 0 is 12 amperes, and 
the duration of the spark .03 second approximately. The maxi¬ 
mum induced e. m. f. is 500 volts. 

Eig. 21 is a similar curve obtained when 7 0 is 11.5 amperes and 
the strength of the magnetic field increased. The short duration 
of the spark and the violent ending are noticeable. 



Fig. 22 illustrates a very irregular break. A number of curves 
were obtained of this form when the resistance in series with the 
voltmeter was 33,000 ohms. Further investigation is required 
to determine the cause. 

In a thesis by W. J. Lester and the writer (Sibley College 
Library, Cornell University), descriptions and photographs of all 
the curves obtained may be found. Table II. shows data of 
some of the curves, while. Fig. 23 is a curve, from the thesis, 
showing the variation of maximum induced e. m. f., with the 
duration of the spark, / 0 being constant and equal to 20 amperes. 
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TABLE ir. 


No. 

/ in Field. 
Amperes. 

Duration Spark. 

Induced e. m. f. 
Volts. 

i 

20.5 

.08 

43 o 


21.2 

.07 

395 

3 

11 

.05 

3^5 

4 

20 

.08 

355 

S 

32 . 

.08 

ayo 

6 

42 

.14 

265 

7 

8 

20 

.02 

475 

20 

.02 

505 

9 

32 

•°3 

530 

IO 

3 * 

.02 

585 

ii 

11.5 

.04 

370 

12 

12 

.05 

490 

*3 

13 

*05 

295 

340 

14 

13 

.02 

15 

29 

.02 

710 

» 


The results presented in this paper must be accepted as illus¬ 
trative of the method of experimentation adopted, and as out¬ 
lining problems, which the writer hopes to be able to investigate 
further. Besides a further investigation of the points already 
discussed, other equally interesting problems present themselves 
for solution, such as the effect of breaking from the surface of 
liquids, the effect of the form of terminals used, and the varia¬ 
tion of the current curve in each branch of this circuit, as the 
relation between the resistances of the branches is varied 


Discussion. 

. Anthony : —I do not rise to discuss the paper at all, but 

simply to express my gratification that the subject has been 
brought before the Institute. About a year ago, I saw the ap¬ 
paratus at Cornell University. It all depends on the extreme 
delicacy of the little magnet, having such an extremely high 
period of vibration of its own, that the vibration rate is entirely 
lemoved from the results that are obtained. In other words, it 
does not in any-way affect the results that are obtained. Before 
I saw this apparatus, however, Prof. Brackett, of Princeton, had 
shown me a somewat, similar arrangement of his own, which he 
had been at work upon without knowing anything about the 
work being done in the same direction at"Cornell. I speak of 
this simply to call attention to a very interesting investigation 
winch he was making, which 1 believe has also been carried out 
with this apparatus. By the use of two mirrors, one placed in a 
coil across an alternating circuit, and the other in a coil included 
m the alternating circuit, and throwing the reflected light to the 
same point when the mirrors were in equilibrium, ho was able 
to obtain the relation between the alternating electromotive force 
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and the current of an ordinary alternating machine. He had a 
number of results which showed that very nicely under different 
conditions. One mirror, of course, would vibrate in phase with 
the current; the other in phase with the electromotive force. 

_ Mb. A. J. Wubts: —As I understand the speaker, the fluctua¬ 
tions with brass electrodes were quite marked. I should like to 
ask what the composition of the brass was? 

He. Nichols : — It was commercial brass. I do not know the 
composition. It was probably rolled brass. I should say it was 
a brass and not a bronze. 

[At this point the President called Vice-President Steinmetz to 
the Chair.] 

The Chairman:— Gentlemen, after this interesting paper, I 
think a vote of thanks should be given to Mr. McKittrick and 
Hr. Nichols. 

[On motion, a vote of thanks was tendered to the gentlemen 
named.] 

Mr. IIowell:— I also think the Institute should make some 
expression of its appreciation of the labors of the Committee, in 
making the report on Standards of light, which was presented 
to us this morning. I make a motion to that effect. 

[The motion prevailed.] 

The Chairman : — In the name of the Institute, I thank the 
gentlemen for the very valuable reports submitted, and I hope 
the Committee will continue their work on Standards of Light, 
and bring it to as satisfactory a conclusion. 

Dr. Nichols:— On behalf of the Committee, I should like to 
say that the work has only been begun, and I think it would be 
quite proper for the Institute to withhold its thanks until it 
sees whether the Committee succeeds in evolving anything from 
its labors, or not. 

The Chairman :—While the work of the Committee has not 
been completed, and it has not been possible yet to make a defi¬ 
nite recommendation of a standard of light, sufficiently valuable 
work has been done and embodied in the report under discussion, 
with regard to the features of the various proposed standards, 
the sources of error to be guarded against, and the relative value 
of the different proposed systems, so that I think the Institute 
is fully justified in agreeing upon a vote of thanks to the Com¬ 
mittee. 

Mr. Howell:—W e ought to thank the Committee, at least, 
for the expression of inaccuracy regarding our present standard. 
I read this week in a paper published at one of the leading tech¬ 
nical schools of this country, by one of their graduates, who is a 
gas engineer, and the subject was Practical Photometry, or Com¬ 
mercial Photometry. It described the photometric * apparatus 
used in gas works, and it concluded by saying that photometric 
observations were reliable within one per cent., which is very 
much in contrast with what Hr. Nichols told us this morning. 




















A paper presented at the /jth General Meeting of the 
American Institute of Electrical Engineers, 
New York, May 20tk , iSqb, Vice-i resident 
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THE RECONSTRUCTION OF THE PLANT OF THE 
CHICAGO BOARD OF TRADE. 

BY BION .1. ARNOLD. 

When the writer agreed some four weeks ago to prepare a 
paper on the reconstruction of the plant in question, he hoped to 
be able to present to the Institute to day some records of its 
operation, or data which would be of value, but owing to the 
delay in the arrival of certain parts of the plant, the question of 
operating it a sufficient length of time to secure such data proved 
impracticable, and not wishing to appear before this body with 
any data the completion of which did not extend over a "suffici¬ 
ent length of time to make it reliable, he must confine himself 
to-day practically to a description of the plant, with the expecta¬ 
tion of presenting to this Institute at a later date the records of 
its operation, in a form which he hopes will be of some permanent 
value. The plant involves a number of departures from the 
standard lines of office building engineering, and if the results of 
its operation are as successful as it now seems they will be after 
running a short period, the annual expenses of the operation of 
the plant will be reduced from $25,000 to $15,000, consequently 
its operation will be watched closely by those who have the matter 
immediately in charge. 

The writer believes that all the energy required to produce 
motion and light in an office building should be developed in one 
set of steam engine cylinders and on one generator, having, of 
course, one set of cylinders and their generator in reserve. This 
set of cylinders, together with the working parts of the engine 
and its generator connected directly to it, constitute the unit which 
produces the energy of the plant, and this unit should be made to 
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work at its maximum economical load throughout its entire 
period of operation, while the energy from the unit should all be 
utilized during its running time. Having this idea constantly in 
view, the designer of this plant has planned to follow it out as 
closely as possible. 

The old plant consisted originally of six horizontal tubular 
boilers operating at a steam pressure of about 75 to SO pounds, 
and driving live small steam engines distributed in different 





parts of the building, together with the necessary steam pumps, 
air compressors, etc, used for feeding the boilers, and operating 
the hydraulic elevators. Two of these engines were belted to a 
line shaft and drove several small incandescent and arc dynamos 
for lighting the building. The three other engines were used for 
driving the ventilating fans, three of which were located in the 
attic and two in the basement, and were driven by the engine by 
means of rope-drives with sheaves and ropes running at various 
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angles throughout the building. The elevators were driven by 
two horizontal compound direct-acting pumps, which consumed 
from 80 to 100 pounds of water per horse-power of energy de¬ 
livered to the elevator cars. It became apparent after an ex¬ 
amination of the plant that if the steam pressure could be- 
increased to 125 pounds per square inch, so as to get the advan¬ 
tage of drier steam, and all the pumps in the plant which were con¬ 
suming steam full strobe eliminated, and the energy of the plant 
produced by a compound condensing engine running at an 
economical load, that a large reduction in the operating expenses 
of the plant could be effected. The old boilers having been in 
use for about nine years, were almost ready to be condemned by 
the boiler inspectors, consequently it was an easy matter to decide 
upon replacing the boilers with heavier ones which would work 
at the above pressure. The adoption of a compound condensing 
engine to work under this increased steam pressure was a natural 
sequence which enabled the energy to be produced with the 
least possible coal consumption. After quite an extended investiga¬ 
tion it was decided to supplant the hydraulic elevators with 
horizontal screw multiple sheave elevators, as the investigation 
showed that these machines could be operated for considerable 
less money per car mile than the hydraulic machines, under the- 
conditions which existed in this plant. The operation of these- 
elevators in practice has fully proven the correctness of this posi¬ 
tion. They have been in operation about four months now, on 
an average consumption of 4J kilowatt-hours per car mile, and as 
the duty required of them is exceptionally heavy, and the cars, 
very large, this showing is very satisfactory. 

The general plan of the plant is as follows: 

Referring to Tig. 1, which represents the basement of the 
Chicago Board of Trade, the relative location of the different 
machines which enter into the plant can be determined. It will 
be seen that the installation consists of the followingFive 66x 
16 ft. horizontal tubular boilers, designed to carry 125 pounds 
pressure per square inch; two 150 h. p. horizontal compound, 
condensing engines running at 275 revolutions per minute, each 
directly connected to a 75 k. w. direct current generator, under a 
special system hereinafter described, which permits of either or 
both generators being driven from either engine. Four horizontal 
30 h. p. multiple sheave elevators; six 10 h. p. electric motorsy 
five of which operate ventilating fans, and one the machinery in 
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the machine shop, 50-2000 c. r. constant potential arc lamps and 
600-16 c. p. incandescent or glow lamps. There are also sixty- 
five 1600 ampere-hour storage cells, and the necessary switch¬ 
board and connections for the handling of the above machinery, 
all of which is more distinctly described hereafter. One of the 
compound steam pumps has been retained in order to keep 
the tank on the roof of the building supplied with water for use 
in the wash-basins, closets, etc. It may prove advantageous in 
the future to substitute for this an electrically driven pump, but 



Pxo. 2. 


it lias been thought best not to discard the old one at present, in¬ 
asmuch as it is already on hand. 

Fig. 2 represents diagrammatieally the main loads or copper 
conductors of the building, used for the operation of the above de¬ 
scribed electrical machinery. The general plan is clearly shown 
by the diagram, aud this system was adopted owing to the fact 
that the building was so constructed that two main flues or pas¬ 
sageways extending from the basement to the attic, in opposite 
portions of the building, and near its centres, were available for 
carrying the main risers. It was decided to place in those pas¬ 
sageways vertical risers of sufficient carrying capacity to conduct 
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the total amount of energy required for the nine floors, and to 
join the floor leads or secondary mains onto each of these risers 
at their ends. With this arrangement it was possible to feed 
the secondary mains at two independent points, thus equalizing 
the pressure to better advantage and making the plant more reli¬ 
able in operation. From the centre of these vertical risers, or at 
about the fifth floor, the main leads drop down each shaft, thence 
extend horizontally on the ceiling of the basement to the switch¬ 
board. Each of these mains leading to the centre of distri¬ 
bution in each shaft is of sufficient carrying capacity to carry 
the total load of the building, exclusive of the basement, conse¬ 
quently if a fuse blows on either one of the mains, or if by any 
accident one of the mains should become broken or opened, the 
other main will carry the necessary current and keep the lights 
operating in the building. This precaution was taken owing to 
the fact that business matters of great importance are transacted 
in this building, and the loss of a few minutes at certain times 
would be disastrous to the men who operate in the building, 
consequently every precaution for safety and reliability had to be 
taken. 

The basement circuit is independent of the above described 
mains, and consists of positive and negative leads, surrounding 
the entire basement of the building, from which are tapped the 
arc and incandescent lights used in the basement. The motor 
circuits are closely indicated in the diagram, and are independ¬ 
ent of the lighting circuits, and are so planned that the starting 
rheostats of the motors are connected on the switchboard under 
the control of the engineer, thus making it possible for the en¬ 
gineer to start or stop any motor in the building without leaving 
the switchboard. The elevator circuits are also independent of 
the lighting and motor circuits, and it is possible to throw the 
current on or off any elevator at the switchboard. The batteries 
are located in a room adjoining the main engine room, and con¬ 
nected with the switchboard, as shown on the diagram. 

The losses in wiring circuits of the building are computed as 
follows: Between generator and switchboard, one-half of one 
per cent.; between switchboard and centre of distribution, two 
and a half per cent.; from centre of distribution to secondary 
mains, one per cent.; between secondary mains and lights, one 
per cent.—making the total loss between generator terminals and 
lights five per cent. 
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Fig. 3 represents largely diagrammatically the switchboard of 
the plant. From this it will be noticed that the plant is designed 
for three generators, but two of which are now in operation, as 
they are sufficient for the work. The lighting ’bus bars carry 
the main lighting circuits, controlled by switches 7, 8 and 9, and 
also the motor circuits controlled by switches 1, 2, 3, 4, 5 and 6. 
In the main lighting ’bus bar is placed a recording wattmeter, 
which registers all the energy delivered from the generator to 
the light and motor portions of the plant. In the elevator 
’bus bars is placed another recording wattmeter, which registers 
all the energy delivered to the elevators from the lighting ’bus 
bars. With this arrangement and the means available in the 
plant for measuring the amount of coal and water consumed, 
the operators are enabled to keep accurate daily records of the 
cost per kilowatt of the energy produced and delivered by the 
plant. The diagram of the switchboard clearly shows the wind¬ 
ings of the different generators and motors, and need not be fur¬ 
ther explained. 

The generators are connected to the board by means of two 
switches, one of which is a triple-pole double-throw switch, and 
is arranged so that when thrown into the upper position it con¬ 
nects the generator to the elevator ’bus bar, using the compound 
winding of the generators. This arrangement permits the gen¬ 
erator to operate the elevators and take care of the variable load 
without the use of the batteries. When the same switch, for in¬ 
stance No, 13 or 15 on the accompanying diagram, is thrown in 
its lower portion, the circuits are so arranged that the compound 
or series winding of the generator is cut out, and the equalizer 
connection from the generator becomes the positive connection, 
and the generator is connected to the elevator ’bus bars shunt 
wound, thus eliminating its series winding. With this arrange¬ 
ment, the generators and the batteries are run in multiple on the 
elevator load. 

Referring now to the right-hand part of the board which is the 
storage battery portion proper, the operation is as follows : Under 
normal conditions, any elevator is operated shunt wound in 
parallel with the batteries by closing its corresponding switch, as, 
for instance, switch 15 for dynamo No. 3, downward the 15 h po¬ 
sition. By closing switch 17 to 17 a position, the current passes 
from the positive elevator ’bus bar to the band regulating cell 
switch, and out to cell No. 16, when the regulator is placed as shown 
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on the diagram. From cell 16 the current passes through the series 
of cells coming out at the negative end, thence through the, proper- 
conductor to the recording ammeter, thence to the overload 
switch and down to the negative terminal of switch No. 17 a. It 
will now be seen that whatever number of batteries are being 
operated in this series, are in parallel with the generator. The 
hand regulator is placed in the position indicated to enable the 
operator to cut in a sufficient number of cells in parallel with the 
generator, so that the cells will be constantly charging during the 
time of operation of the elevators, except at the temporary mo¬ 
ments of overload caused by an excessive demand for current by 
the elevators. When this pull from the elevator occurs, the bat¬ 
teries respond and take the surplus load from the generator. 
With this arrangement, about fifty of the cells will be kept con¬ 
stantly charged, and in parallel with the elevators. In case the 
amount of current entering the cells is excessive between the 
intei vals of heavy load on the elevators, the hand regulator is 
adjusted so as to cut in one or more cells until the current be¬ 
comes reduced to the proper amount for the batteries ; and, on 
the other hand, if the amount entering the cells is not enough to 
keep them properly charged, the hand regulator is adjusted so as 
to cut out a number of cells until the proper amount of current 
is reached. In the meantime, if the 15 end cells require charg¬ 
ing, they are charged by means of the independent booster or 
motoi generator in the manner hereinafter described. All the 
batteries can be operated in parallel with the generators when 
running shunt wound, in the same manner as they art; used in con¬ 
junction with the elevator ’bus bars, by closing switch 17 down¬ 
ward to position 17 b. The connections for same can be easily 
followed on the diagram. 

In order to operate the batteries in parallel with both the light¬ 
ing and the elevator ’bus bars at the same time and maintain a 
practically constant voltage on the lighting ’bus bars, it is neces¬ 
sary to operate the generators shunt-wound instead of compound- 
wound. As before shown, the switches are so arranged that the 
compound winding of the generators can be utilized when the 
batteries are not in service, and the shunt winding used when the 
batteries are being run in parallel with the elevators and lights. 
Therefore, to maintain a practically constant voltage on the light¬ 
ing ’bus bars and to run the elevators in parallel with the flat¬ 
teries at the same time, the operation is us follows:—Switch 17 a 
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is closed upward and operates as previously described in conjunc¬ 
tion with the elevators and batteries. Switches 10, 12 and 14 
are open to prevent the generators operating compound-wound 
on the lighting ’bus bars. Switch 16 is closed and the current 
passes as follows :—From the positive elevator ’bus bar through 
the switch 17 a to the centre of the hand regulating switch, thence 
through the connection from the hand regulating switch to the 
corresponding cell (shown on the drawing as cell 16) thence 
through the series of 49 cells, out through the negative end and 
its corresponding connection, through the recording ammeter and 
overload switch, to the negative side of switch 17 a, thence to 
the negative elevator ’bus bar. It should be borne in mind that 
the lighting ’bus bars and the elevator ’bus bars are operating at 
different potentials, and that the potential on the elevator ’bus 
bars is changing slightly with the change of load, caused by vari¬ 
able load on the elevators. When the demand for current from 
the cells is great, as for instance when the elevator load is severe, 
the k. m. f. of the number of cells in parallel with the elevators 
necessarily drops, consequently the e. m. f. of the number of cells 
in parallel with the lighting bars, which includes all the cells 
working with the elevators, and a few of the regulating cells, 
would correspondingly drop, and some means must be provided 
to hold up the voltage of the lighting ’bus burs. This is accom¬ 
plished by means of the automatic regulator which is controlled 
by a solenoid switch, shown in the upper right hand portion of 
the diagram. This solenoid switch operates by means of suitable 
connections to the lighting ’bus bars, in such a manner as to make 
and break the circuit through mercury cups as follows :—When 
the voltage of the lighting ’bus bars is reduced slightly, dhe side 
of the field of a right and left hand motor is thrown in, which 
causes the arm of the automatic regulator to move clock-wise, 
thus cutting in more cells in parallel with the lighting ’bus bars 
and holding the e. m. f. up. When the e. m. f. of the lighting 
’bus bars reaches its proper voltage and tends to exceed it, the 
solenoid acts in the opposite direction and cuts in the left hand 
field of the automatic regulator motor, and brings the left hand 
field into service, causing the automatic regulator to rotate con¬ 
tra-clock-wise, thus cutting out cells until the voltage reaches the 
desired point. By this means a constant e. m. f. is maintained 
on the lighting ’bus bars, and the cells are worked in parallel 
with both the lighting and elevator ’bus bars. 
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It will be evident that the 15 end cells, or at any rate a por¬ 
tion of them when working in this manner, will become dis¬ 
charged through the day’s run. After the batteries are cut off from 
the light, these end cells are re-charged as follows: Switch No. 
23 is closed, thus throwing in the booster motor. As soon as the 
booster dynamo is brought up to speed, the underload switch is 
closed, and switch No. 22 closed upward, the operation then be¬ 
ing as follows: From the positive brush of the generator end of 
the booster, which is producing energy at a low voltage, the cur¬ 
rent passes through the proper conductor to the centre of the 
automatic regulator; thence out through the regulator arm to 
segment No. 1, and through its proper connection to cell No. 1 ■ 
thence through the first 15 cells to the wire leading off between 
the fifteenth and sixteenth cell. From this point it passes along 
the conductor, through switch No. 23 to the underload switch* 
and from the underload switch back to the negative side of the 
booster generator. By means of a field rheostat, located on the 
switchboard, the e. m. f. of the booster generator is regulated and 
adjusted to correspond to the number of end cells which are 
being charged. 


I o chaige all the cells in series from one of the main genera¬ 
tors, it is necessary to increase the r. m. k. a sufficient amount to 
overcome the total voltage of the cells. This is done by placing 
the generator portion of the booster or motor-generator in series 
with the main generator as follows: Switch No. 23 is closed, thus 
throwing in the booster motor and at the same time energizing 
the fields of the booster dynamo. The booster motor is now 
started by means of its rheostat and brought up to speed. Switch 
No. 22*is closed downward, the path of the current then being 
as follows: From positive lighting’bus bar through switch 22, 
to the underload switch, thence to the negative brush of the 
booster dynamo, out through the positive brush to centre of the 
automatic regulator, through this arm to segment No. 1, and 
thence through suitable connection to cell No. 1; through the entire 
series of cells to the negative lead, thence through the recording 
ammeter and overload switch; back through switch 22 to the 
negative lighting ’bus bar. The operations for manipulating the 
entire plant being then as follows:— 


lo charge all the cells in series with the main generator by 
means of the booster: Open switches f« and 17 and close 
switches 23 and 22 down. 
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To charge all the batteries, except the end cells, at the same 
time operate light and elevators from one dynamo. Place 
hand regulator on segment 16, connect whatever dynamo is in 
use to elevator ’busbar by means of its elevator switch, either 11 
13 or 15, in the b position. Disconnect dynamo from lighting 
’bus bars by opening its corresponding switch, either 10 12 or 
14, and see that switches 22 and 23 are open, and that switches 
16 and 17 are closed, the latter in the a position. 

To charge end cells with booster dynamo :—Place automatic 
regulator on segment JNo. I, see that switch No. 16 is open, and 
close switches 23 and 22 up. 

To place elevators, batteries and one of the generators in* 
parallel, close the corresponding generator switch to the h posi¬ 
tion, and close switch 17 to the a position, if desired to run 
through the Ipind regulator, and to the h position if desired to 
operate through the automatic, but if placed in the h position, see 
that switch 16 is open. 

To discharge the batteries with the generators shut down, op¬ 
erate as follows: On lights, open switches No. 22 and 23, and 
close switch 16. On elevators, close switch 17 to the a position. 
To operate lights and elevators, see that switches No. 22 and 23 
are open, and close switches 16 and 17, the latter to the h posi¬ 
tion. 

^ ^ shows the elevation of this switchboard, and from it 

the position of the instruments shown on the diagram can he 
easily located. 

Phe method of connecting the engines and generators is 
shown in Pig. 5, and represents a system planned by the writer, 
which enables a direct coupled plant to be so built as to have the 
advantage of an independent unit direct coupled plant, when oper¬ 
ating under normal conditions, and all the flexibility of a belted 
plant in case of accident to any particular part of the plant. The 
cut shows the plan, elevation and section. It will he noticed that 
at present there are hut two generators and two engines; hut 
when extensions are needed, the right hand engine will be discon¬ 
nected from its present dynamo, and moved to the right a suf¬ 
ficient distance to allow the placing of an engine of double its 
capacity in the same position it now occupies, and two gener¬ 
ators between the middle engine and the right hand engine, 
thus making a plant with three engine units and four generator 
units, all four of which are available from the middle engine,, 
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and two of which are available from each of the outside engines. 
Keferring to the sectional view, a a represents the ends of the en¬ 
gine shafts which carry disks h h. The generators are mounted 
upon hollow sleeves or quills, which are supported in inde¬ 
pendent bearings, p p &ndpp. The ends of these quills are en¬ 
larged to form flanges corresponding in diameter and thickness to 
the engine flanges. Between engine shafts a a extends an 



Fta, 5. 


auxiliary shaft, b (coupled at its centre, in this case, to permit 
half of the plant being put in operation before the other half is 
ready), and carried in independent bearings, i> d. This shaft, e, car¬ 
ries at each end circular disks, which in this ease are forged solid 
with the shaft. Under normal conditions shaft b does not revolve, 
but lies passive in bearings i> d, and the engines drive the gener¬ 
ators direct coupled, by inserting the bolts u u, three of which, 
spaced 120° apart, are used in each coupling. It is now evident 
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that each engine is operating an independent unit direct coupled 
generator without revolving any more shafting or machinery 
than is usual in ordinary independent unit direct coupled plants, 
inasmuch as the quills which surround the auxiliary shaft e do 
not come in contact with it, but have a clearance of one-quarter of 
an inch all around it,. If from any cause it, becomes desirable to 
drive the left hand generator from the right, hand engine, it is 
done as follows: In the openings v, three of which are*provided 
120° apart, are placed taper bolts which couple the auxiliary 
shaft e solidly on the engine shaft a by means of disk h. Taper 
bolts are also placed in spaces w, which couples shaft k to the 
quill of the left hand generator. By removing bolts u, which 
disconnect the left hand generator from the left hand engine, the 
left hand generator can now lie driven from the right, hand 
engine, and the right hand generator continues in operation from 
the same engine, if desired. By removing •«, the right, hand 
generator becomes disconnected from the right hand engine, and 
the left hand generator is being driven' from the right hand 
engine. In the same manner the right hand generator can be 
driven from the left hand engine, or both generators from either 
one of the engines. By using compound engines, so designed 
that by working high pressure steam in the low pressure cylinder, 
one engine can be made to double its power for a few hours! 
The plant has thus the total generator capacity available at, all 
times, and allows one engine to be in reserve’for repairs, thus 
doing away with the investment of the third unit, which is usu¬ 
ally carried in such plants for safety. The system, when used 
without the battery auxiliary, instead of being provided with 
bolted connections as here shown, is provided with magnetic 
dutches, which permit the generators to he brought up to speed 
as motors, and thrown in connection with the engines without, 
stopping either engine in use. This makes it possible to connect 
either generator with either engine without shutting down the 
plant in any part. With such an arrangement, with the engine 
and generators equal to the maximum capacity of the plant, and 
battery auxiliary equal to one-third the capacity of the plant, any 
oliice building can be operated in the most economical manner, 
according to the writer’s belief, for when the battery is in oper¬ 
ating order, one unit in conjunction with the battery,’ handles the 
plant economically and satisfactorily, leaving one engine unit in 
reserve. In case the battery is out of service, both units can he 
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operated until the battery is ready for 'service again, and during 
the light load period the battery auxiliary takes care of the entire- 
service of the building, without the use of either the engine or 
generator units. 

The engines are operated during the summer compound con¬ 
densing, by using a cooling pan system and siphon condenser, as. 
shown in section at the right hand of Fig. 1. With this arrange¬ 
ment the condensing water is cooled by means of the 72 " venti¬ 
lating fan which is in operation during the entire 16-hour run of 
the plant, and is used for ventilating the building. It was thought 
advisable to utilize the air from this fan for cooling: the water, 
inasmuch as the energy for driving the fan had to be produced,, 
and utilizing the air from the fan would not entail any additional 
expenditure of energy upon the plant over that required under 
ordinary conditions. The condenser is placed near the ceiling of 
the boiler room and delivers into the standpipe extending down¬ 
ward into a pit about 35 feet. From the bottom of the pit a 
direct acting deep well pump lifts the water and delivers it to* 
the cooling pans. From the cooling pans the water reaches 
through suitable piping the cistern shown on Fig. 1. From this 
cistern the injection pipe from the condenser leads. For this, 
reason the plant will operate about six months of the year com¬ 
pound condensing, and during the balance of the year compound 
non-condensing, when the steam from the engines will be run into- 
the mains of the building and used for steam heating. 

Fig. 6 represents the load diagram of this plant. 1 The parallel¬ 
ogram a, b, o, i>, representing the total capacity n kilowatt hours 
of one of the generator units, assuming that the unit starts at 
seven o’clock a. m. and operates until eleven o’clock p. m. The line 
a, b , 6*, d, e u f\ g , //, £, y, /, m, represents the load line, or energy 

required by the building during the same period. That portion 
of the diagram shaded with lines inclining to the right at an angle 
of 45 0 represents the amount of energy passing into the bat¬ 
teries, while the portion of the diagram represented by shade 
lines inclining to the left at an angle of 45 ° represents the amount 
of energy delivered from the batteries. It will be noticed that 
from 11 p. m. until 7 a. m. the entire load of the plant is 
operated by the batteries alone. With this arrangement but two 
shifts of labor are required, one operating from 7 a. m. until 3. 
p. m., and the other from 3 p. m. until 11 p. m. From 11 p. m.. 

1. For this diagram see p. 648, vol. xii. 
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until morning during the winter the watchman acts as fireman 
for the boilers to maintain the steam heat in the building. This 
•diagram having previously been illustrated in the Transactions 
of the Institute November 1895, it will not further be described 
here, except to state that the various lines shown on the diagram 
represent the loads of the different motors, elevators, etc., and the 
periods during which they operate. The writer hopes in the fu¬ 
ture to present to the Institute a new diagram representing the 
actual load lines of the plant, compiled from statistics covering 
its operation for a considerable length of time, and it will then 
be interesting to compare the actual diagram with this one which 
was prepared before starting to design the plant. 

Discussion. 

Me. Wolcott : — I would like to ask Mr. Arnold whether it 
would be cheaper to use some gas now in that building or to use 
the battery a little more and dispense with the gas. He says 
some gas is used, as I understand him. I notice that there is a 
sudden drop in the load at 5:80 r. m. when the gas is turned on, 
and that allows the surplus current to go into the battery. If 
that gas were not used, the diagram would he of a considerably 
different shape. J 

Mr. Arnold This diagram was prepared in inv office before 
the method of re-constructing the plant was decided upon, and 
the various lines represent the different motors, elevators, etc., as 
we supposed they would operate in practice. The point marked 
u gas turned on” is the time they turn the gas on now, —not 
what it will be in operation, because we propose to turn the gas 
oft* entirely. This diagram was prepared over a year ago. In all 
pioliability, within six months from now I wdl be able to give 
you a diagram showing what the actual load line of the plant is. 

Mk. J W. Lieu, Jr —1 would like to ask Mr. Arnold why it 
is that in the plant he describes the peak of the load occurs Do- 
tween 11 a. m. and i p. m. 

Mr. Arnold: 1 hat is the time when the people connected 
with the Chicago Board of Trade are most excited. The Board 
opens at 9.30 o’clock in the morning. At 12.30 they go to their 
offices and figure up what they have made or lost, consequently the 
office lights are used most at this time, and some of the motors 
shown running at this particular period are shut off at a later 
period, which also accounts for a part of the load. 

Mr, Kies:—I would like to ask Mr. Arnold to explain a little 
more fully the precise conditions under which —referring to 
® steam engine is cut off and the other one is con- 
netted to the intermediate shaft to drive both dynamos. 11 would 
.seein that this arrangement would not prove very practicable 
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under full loads, unless the engines are each capable of being 
worked to double their normal capacity, thereby requiring larger 
engines than would be employed in ordinary direct-driving instal¬ 
lations. But, perhaps, Mr. Arnold may have special reasons for 
the construction illustrated. What is the object of that? 

Mr. Arnold That is a condition that sometimes arises. 
Suppose one engine and the generator attached to the other en¬ 
gine should become^ disabled, your plant would then be com¬ 
pletely shut down if independent units were employed, unless 
you had a third unit to put in operation. Such a thing is liable 
to happen, and it is for this emergency that this arrangement is 
specially adapted, although there are other advantages. ' 

Mr. Kies :—Then my understanding of the matter is correct 
in assuming that each engine is only of sufficient power to operate 
one of the two dynamos at a time, and that it is only in case of 
the disablement of one of the engines and the opposite dynamo 
that the combination alluded to is supposed to be utilized.’ 

Mr. Arnold Suppose the battery should be out of service 
and one engine should become disabled. You would then be 
obliged to have the full capacity of both generators to operate 
the plant. The way these engines are designed and piped, you 
can double the capacity of either engine, and drive both gener¬ 
ators to their full capacity from either engine, while the break¬ 
down is in existence. 

Mr. Kies :—Isn’t this construction somewhat complicated, as 
against the use of a separate engine and dynamo held as reserve? 

Mr. Arnold No, it is not complicated, costs very much less 
money than a third unit, and gives the same reliability. 

Mr. Kies: —Then the magnetic clutch, to which you referred. 
I suppose that it is intended todisconnect the disabled engine from 
the main shaft, leaving the internal shaft to drive both dynamos? 

Mr. Arnold : —Yes, sir. 

Mr. Kies : - And as to the magnetic clutch connecting the in¬ 
termediate shaft? 

Mil Arnold :—That is a double clutch whereby you can c >n- 
nect either generator to its corresponding engine, or you can also 
connect the interior shaft to either engine, or connect either 
generator to the interior shaft. It works botli ways. I want to 
state that I do not wish too much stress to be put upon this 
magnetic clutch question at this time, because I have not yet 
-developed it to a point where I am able to say what it will or 
will not do; but I thoroughly believe in such clutches, and am now 
-engaged in developing a formula to build them by. The other me¬ 
chanical connections are now in operation, and they are successful. 

Mr. Kies :—I simply wanted, Mr Chairman, to get a little 
further explanation as to the reasons for this peculiar construction. 

Mr. Arnold: —There are a number of advantages to this 
thing, which, as the plant increases in size, become apparent. I 
have not said anything about them in this paper. The paper 
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was prepared simply to show the general plan of the plant, and 
this arrangement being somewhat of a hobby of mine, I have- 
mentioned it as little as possible, except enough to give the 
general idea of its make up. 

Mr. Douglass Burnett : — We are bound to admire the care 
which Mr. Arnold has bestowed upon all the details of this plant,, 
and observing that a great deal of information is available, I 
desire to draw upon him for a little of it. 

First,—as to any trouble he may have experienced with motor 
load; is not a large proportion of the output between 11 a . m. 
and 1 p. m. absorbed by motors, and does he find it desirable at 
that time to run separate engines for the two classes of service— 
lighting and power 2 Under those panicky conditions to which he 
refers, what is the maximum number of amperes which lie might 
be called upon to supply '( 

The ear mile consumption of his elevators has been given on 
page 273 as k. w. hours. I very much wish that that number 
of k. w. hours could be translated into cents; in other words, 
what does current cost him per k. w. hour 2 

Finally, as to the load curve: How does this theoretical dia¬ 
gram work out in practice 2 Does it coincide substantially with 
one which would be obtained by observation 2 We presume that 
it was designed for a winter's day,---that is, maximum condition, 
and not for the average of an entire year. We trust that Mr. 
Arnold will enlighten us upon these points. 

Mr. Arnold :™ The black line represents the total load of the 
plant on an ordinary day. The dotted line above represents the 
maximum load of the plant on a dark day. In other words, 
our Chicago weather is so uncertain that it'very often happens 
that the sun may be shining, and suddenly a cloud will come ro 
and darken the sky over the city, so Unit all the lights in the 
building will need to be turned on. It is under those conditions 
that the upper dotted line was prepared. In that case the plant 
would he at full load, but the surplus would have to come from 
the second generator or battery auxiliary. That is another case 
where the second generator would be run by the opposite engine. 
Ihe average light day load is shown by the dotted line immedi¬ 
ately under the heavy line; the other being the maximum or 
dark day load. Both engines and generators will handle the 
maximum day load conveniently. One generator and the bat¬ 
tery auxiliary will handle the maximum load without difficulty. 

I hope to be able to get the cost for fuel down to a sum not ex¬ 
ceeding 14 cents per k. w. hour. At some stations we arc doing 
it at four-tenths of a cent per hour, where bituminous slack 
coal is worth ninety cents per ton. I think I will be able to show 
the Institute, in six months from now, a record of cost of coal 
per kilowatt hour of one cent from this plant. Under those con¬ 
ditions, four and a quarter cents per kilowatt hour means four 
and a quarter cents per car mile of travel on the elevators. 
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Adding to that the cost of labor, I think I will show yon a record 
of running those elevators at a cost not exceeding eleven or twelve 
cents per car mile, whereas it is now costing eighteen to twenty 
cents per car mile for hydraulic elevators. In this connection I 
will state that I have tested a number of electric elevators in 
Chicago, for one of the large elevator corporations, and I find 
that the consumption of energy per car mile of travel varies from 
forn* to eleven kilowatt hours. I hope to be al)le to operate these 
cars at a cost of not over six cents per car mile for fuel alone. 
This is nothing but what anybody could do who would take these 
conditions and study them and make the most of everything 
available. 

Mr. Uurnett :—We thank Mr. Arnold very much. However, 
we wish he could state the actual maximum current required to 
run the elevators in that building. I should also like to ask if he 
can give us the total kilowatt hours generated during a year. 

Mr. Arnold :—I do not know that there is any hesitancy on my 
part in giving that information. The current taken by the two- 
machines now in operation,—I mean the starting current, 
when starting a live load of 8000 pounds, together with the 
weight of the car,—reaches as high as 000 amperes at 125 volts. 
That is the service. It should be borne in mind, that the par¬ 
ticular elevators there in use consume no current on the down 
trip; consequently the average consumption of current per car 
mile is low as compared with some elevators which consume 
current both going up and coming down, although not so high a 
starting current. The figures of 4] : kilowatt hours per car mile 
are correct, because they are taken from a wattmeter which has 
been running now for four months. Indeed, that is the only 
figure that I. felt absolutely safe in giving regarding the operation 
oti ie plant at present. 

Mr. Lieu:— I am sure that we all appreciate the careful prep¬ 
aration of Mr. Arnold’s paper. I can only express the hope 
that when the plant has been in operation a sufficiently longtime, 
Mr. Arnold may keep his promise and give us in some detail 
the operating costs. The question of the cost of current produc¬ 
tion in a plant of this character is an important one, and there is 
a great lack of reliable information sufficiently detailed to 
be of use in making comparisons. Usually many of the im¬ 
portant items of cost are left out of consideration, and, if Mr. 
Arnold will permit me, I would suggest that in making up his 
analysis for future presentation to the Institute, he might with 
advantage follow the lines of some of the blanks used for that 
purpose by the large illuminating companies, which give 
the items of cost under appropriate heads. I think such a paper 
would be a valuable contribution, and the discussion would bring 
out important and interesting data. There are not many plants 
of the size of the one described by Mr. Arnold, operated as an 
isolated, plant and which have such a combination of elevator 
load, lighting load, and motor load. The arrangement of gen or- 
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ating machinery, which he has adopted in his installation, would 

f ive valuable data for comparison, and for my part I hope that 
Ir. Arnold will fulfill his promise, and in due course of time 
present to the Institute details of operating cost. 

Mr. Kies :—It strikes me that the most valuable feature*, prob¬ 
ably, of Mr. Arnold’s proposed installation is the extended use 
which he makes of secondary batteries in connection with the 
dynamo. Some years ago, 1 had occasion to devise a system some¬ 
what analogous to this, for railway work, and fromthe revived 
interest which has been manifested of late in the secondary bat¬ 
tery, I think it will be but a short time before the battery is very 
largely used both in stationary service and in railway installation. 
I notice, on referring to the diagram, Fig. b, that the battery is 
very largely drawn upon between 11 and 1 ok dock in the day 
time, and between 11 o’clock at night and 7 o’clock in the 
morning. This would indicate from the abruptness of flu* lines 
that the battery is switched onto the service mains independently 
of the dynamos. But I. would like to ask Mr. Arnold whether 
he also uses the battery as a regulator to render the load on die 
dynamo continuous or practically uniform while the dynamo is 
running and supplying these various forms of service? * 

Mr. Arnold :—I use two regulators, one a hand regulator,and 
the other an automatic regulator. The hand regulator is ad¬ 
justed by the engineer at a proper point, so that a certain num¬ 
ber of the cells are used in parallel with the elevators; or, rather 
so that the total voltage of whatever cells are used in parallel 
with the elevator is just enough less than the voltage* of thedyua 
mos to allow the cells to receive a constant charge, except when 
the maximum pull comes on the elevators. At all other times 
the batteries are in parallel and are receiving a charge. Then the 
regulated cells are charged by means of the generator en<| of 
the motor-generator, and the entire series of cells is churned by 
means of the generator end of the booster running in series with 
the mam dynamo. 

Mr. KiEs:~Ihe batteries are in parallel with the dynamos, 

mtm&m ... “i- 

Mr. Arnold: —Yes, sir. 

[At this point the President resumed the Chair 1 

brSyZtirm^lf k lium ■* r " hha 

TT-n H + B f® TAR ^ : ~W e have an invitation from Mr. Georm* 
vlvlifv 77* t lC 7° Amerit ‘ an Book Company on Uni- 

WheeTer i’]l, ■% aS ° have lm [invitation from th« < h-ocker- 

^rea“y bee«SS!“" 3 ' *” ™“ * Wr " ork " Jtl " h ". 

On motion, the thanks of the Institotm were tendered !o the 
National Electrical Exposition Company for the privilcm* of 

OC [Adjourned!] C °“ Venti ° n MI > md 1w eitended. 


AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS. 


New York, September 23, 1896. 

The 108th meeting of the Institute was held this date at 12 
West 31st Street, and was called to order by President Duncan 
at 8.30 p. m. 

The President: —The Secretary has some announcements to 
make. 

Secretary Pope r-At the meeting of the Executive Commit¬ 
tee of the Council, August 5th and September 23d, the following 
associate members were elected : 


Name. 


Address. 


Endorsed by 


Abella, Juan Director General of Public Light¬ 

ing, Buenos Aires ; residence, 
691 Calle Bolivar, Buenos Aires, 
Argentine Republic. 


Appleyard, Arthur E. Manager and Engineer, Natick 
Gas and Electric Co., 

Natick, Mass. 


W. G. Whitmore. 
J. C. Bennett. 

M. L. Mora. 

Geo. W. Blodgett. 
Robt. B. Taber. 

I. N. Farnham. 


Barry, David 


Electrician and Superintendent, J. B. Gaboon. 
Amherst Gas Co., Amherst, C. B. Burleigh, 
Mass. Giles Taint or. 


Bell, Oro A. 


Betts, Hobart D. 


Biddle, James G. 


Bolan, Thomas V. 


Brayshaw, I. 


Electrical Engineer, Western 
Electric Co., 22 Thames Street, 
New York ; residence, 921 St. 
Nicholas Avenue, New York. 

Member of Inspection Dept., The 
Edison Elec. IlTm’g Co. of N. 
Y.; residence, Englewood, N. J. 

Mfrs’ Agent and Importer Scien¬ 
tific and Electrical Instruments, 
944 Drexel Bldg , Philadelphia, 
Pa.; residence, 264 Rittenhouse 
St., Germantown, Pa. 

Supervising Engineer, The Gen’l 
Electric Co.,Schenectady,N.Y.; 
residence, 869 N. 41st St., 

Philadelphia, Pa. 

Telegraph Inspector Great South¬ 
ern Railway, 

Buenos Aires. 


H. F. Albright. 
Geo. A. Hamilton. 
J. J. Carty. 


J. W. Lieb, Jr. 

C. R. Agnew. 

C. L. Eidlitz. 

E. G. Willyoung. 
Herbert Lloyd. 
R. W. Pope. 


H. G. Reist. 

Ernst Berg. 

Chas. P. Steinmetz. 


Henry Jackson. 
W. H. Preece. 
R. W. Pope. 
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Carpenter,, Ciias, E. Vice-President, Carpenter Enamel 
Rheostat Co.; residence, 50 W. 
«15th Street, New York. 

Cody, L. P. Manager and Engineer, Grand 

Rapids Electric Co, 9 South 
Division Street, Grand Rapids, 
Mich. 


Darrow, Gleazar Superintendent, Cincinnati Edi¬ 
son Glee. Co. ; residence, 220 
W. 8th St., Cincinnati, O. 

Granbery, Julian IT. Draughtsman, with Post & Mc¬ 
Cord, 289 4th Ave., N. Y.; 
residence, (Hosier, N. J. 

Greenleak, Lewis Stone Electrical Expert, The Amer¬ 
ican Bell Telephone Co., 42 
Farnsworth St.; residence, “The 
Ludlow,” Clarendon St., Boston 
Mass. 


II. F. Albright. 

G. A. Hamilton. 
Ralph W. Pope. 

Chas It. Cross. 
Frank B Rue 
A. F. Walker. 

J. A. Cabot. 
r rhos. J. ('reaghead, 
L. G. Li 1 ley. 

Clayton W. Pike. 

A A. Knud son 
It. W. Pope. 

Chas. R. Cross, 
Russell Robb. 

Then. Spencer. 


Hadley, Fred’k W. 


Electrical Engineer, West End St. 
It 1 way Co., Boston ; residence, 
Arlington Heights, Mass. . 

Electrical Contractor, 148 Liberty 
St,, N. Y.; residence, 200 \V. 
180th St,, N. Y. 

Hathaway, Joseph D., Jr. Assist ant in Cable Dep’t 
Western Elect ric Co.,22 Thames 
St., N. Y. City. 

Engineer of the Elect rical Com¬ 
mission of Balt imore, 008 Equit¬ 
able Building, Baltimore, Md. 

Salesman, etc., General Electric 
Co., Seattle, Wash. 


Hall, J. P. 


Hill, Nicholas S., Jr. 


Huggins, N. W. 


Kino, Vincent C„ Jr. With V. C. & 0. V. King, r>17 
West St.; residence, iUpEast 
16th St., New York. 

Labouiske, John Peter 1625 Thalia St., 

New Orleans, La,. 


Lorimer, Geo. Wm. 


Lorimer, James II. 
MacLeod, George 


Mart, Heiiohir 


Maxwell, Eugene 


Su fieri rdendent; of Const met ion, 
r rhe Callender Telephone Ex¬ 
change Co., Bradford, Canada. 

Superintendent of Erection, The 
Callender f Pclephotie Exchango 
Co., Brant ford, Canada. 

Superintendent and Engineer, 
Kentucky and Indiana Bridge 
Go., 29th and High Sts., Louis- 
ville, Ky ; residence, New 
Albany, Ind. 

Chief Engineer, Kioto Traction 
Co., J9 Washio St., Kioto, 
Japan. 

Superintendent, Third Street and 
Suburban If way Cent pan y, 

Seattle, \Vash. 


Chas. R. Cross. 
Wm. L. Puffer, 
('has. F. Scott. 

E. S. Keefer, 

J. Ilatzel. 

Frank A. Paltison. 

II. F. Albright. 

G. A. Hamilton. 

M. E. Can held. 

Louis Duncan. 
Joseph Wet/Jer. 
Henry Morton. 

S. Z. Mitchell, 

F. L. Ha me. 

R lb H. Paine, 

Joseph Broieh. 
Joseph Sachs. 

R. W. Pope. 

Brown Ayres. 

P. R. Middlemiss, 
Chas, K. Iluguet. 

Romanic ( 'nllender, 
Joseph Wetzler. 

()t to A, Moses, 

Ronmine (Callender. 
Joseph Wotzler. 

Otto A. Moses. 

G. W. Ilubley, 

It. W. Pope.’ 

W. I), Weaver. 


Chas. R. Cross. 
Wm. L. Putf(‘r. 
Albert Schmid. 

S. Z. M il (died. 
R L. Dame. 

R B. II. Paine. 
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McKittrick, F. J. A. Graduate Student Cornell Univer¬ 
sity, 89 Heustis Street, Ithaca, 
N. Y. 

Morgan, Chas. H. Student Lehigh University; resi¬ 
dence, Maxatawny, Berks Co., 

Nock, Geo. W. Chief Engineer, in charge of Steam 

and Electric Plant, Westing- 
house Elec, and Mfg. Co., Pitts¬ 
burg, Pa. 

Parker, Lee Hamilton Ass’t Engineer Railway Dept., 
General Electric Co., Schenec¬ 
tady, N. Y. 

Pike, Alex. Rea In charge Testing Dept., Missouri 
Electric Light and Power Co., 
20th and Locust Sts., St. Louis, 
Mo. 

Rideout, Alexander C. Principal of Commercial and 
Telegraph Dep't Hillsdale Col¬ 
lege, Hillsdale, Mich. 

Sampson, F. D. Manager, Charlotte Electric Light 

and Power Co., 

Charlotte, N. C. 

Satherberg, Carl Hugo Mechanical Engineer and Chief 
Draughtsman The MidvaleSteel 
Co., Nicetown, Phila. Pa.; res¬ 
idence, 1752 N. 26th Sr., 

Philadelphia, Pa. 

Scott, James B. Electrical and Mechanical Engi¬ 

neer, 227 East German Street, 
Baltimore, Md. 


Edw. L. Nichols. 
Fred’k Bedell. 

C. P. Matthews. 

Alex. Macfarlane. 
J, H. Klinek. 
Frank M. Tait. 

Philip A. Lange. 
L A. Osborne. 
Leo A. Phillips. 


W. B. Potter. 
John B. Blood. 
Edw. M. Hewlett. 

Geo. II. Morse. 

A. L. Reinmann. 
Francis Jehl. 


B. J. Arnold. 

W. M. Stine. 

R. W. Pope. 

Herman S. tiering. 
A. M. Schoen. 

C. K. Stearns. 

Clayton W. Pike. 
Carl Hering. 

C. Billberg. 


H. A. Foster. 
P. 0. Keilholtz. 
C. G. Young. 


Thayer, George Langstaff Manager, Belle Plaine Ludwig Gutmann 
Electric Light Co., Belle Plaine, B. J. Arnold. 

Carl K. MacFadden 


Van Vleok, John Falconer Constructing Engineer, The Edwin J. Houston. 

Edison Elec, and Illuminating A. E. Kennedy. 

Co. of New York; residence, J. W. Lieb, Jr. 
Glenridge, N. J. 

Whitaker, S. Edgar The General Electric Co ; resi- Chas. R. Cross. 

dence, 98 High Rock Avenue, Win. L. Puffer. 
Lynn, Mass. Elmer E. Boyer. 

Total 87. 


ELECTED SEPTEMBER 23d, 1896. 

Name. Address. Endorsed by 

Brinckerhoff, Henry Morton Electrical Engineer, A. V. Abbott. 

Metropolitan West Side Elevat- W. M. Stine, 
ed R.R.; 258 Franklin St., B. J. Arnold. 
Chicago. Ill. 

Meadows, Harold Gregory Associate Engineer (Elec.) C. A. Adams, Jr. 

with Newcomb Carlton, 109 Edwin H. Hall. 
White Building; residence, 114 C. W. Ricker, 
West Chippewa St., Buffalo, 

N. Y. 
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Newbury, F. J. Manager Insulated Wire Dep'fc M. M. Davis. 

John A. Roebling’s Sons Co., F. W. Rooblino- 
Trenton, N. J. " R. W. Pope. 

Pinkas, Julio, Director General, State Telegraphs R. W. Pope. 

and Telephones, Sucre, Max Osterbcr«\ 

Bolivia,. A. A. Kmulson. 
Richards, Chas. W. Partner, Curnner-Richards Co., A. B. Cumner. 

09 Broad St., Boston ; - resi- F. E. Cabot 
deuce, Needham, Mass. G. A. Wardlaw. 

White, Chas. G. Public Schools Sup’t., and Tnstruc- R. W. Pope. 

tor in Physics and Chemistry, W. D. Weaver. 
Lake Linden, Mich. Win, J. Hammer, 

Total, 6. 

At the request of the President, Mr. diaries P. Steinmetz 
Vice-President, took the Chair President Duncan then delivered 
his inaugural address on the “Present Status of the Transmission 
and Distribution of Electrical Energy,” as follows: 




Inaugural address of the President at the loStk 
meeting of the Institute. New York. September 
23d, rS()6, Vice-President Steinmctz in the 
Chair. 


PRESENT STATUS OF THE TRANSMISSION AND 
DISTRIBUTION OF ELECTRICAL ENERGY. 


BY LOUIS DUNCAN. 


The industrial life of mankind is made up of two tilings. The 
transformation and distribution of material, and the transforma¬ 
tion and distribution of energy. The raw material from mines 
and forests is changed to finished products and distributed among 
the people, while energy, obtained from water power, coal or 
other sources, is changed from the potential energy of the water, 
or the energy of chemical combination to mechanical power, heat, 
light, etc. Unless we can transmit this energy economically, we 
must transform it into the required form at the place where it is* 
to be utilized. At present a large part of our mechanical power 
is obtained from steam plants situated in the factories themselves, 
and for heat and light we mainly depend upon stoves and lamps 
in our houses. 

Before the introduction of electrical transmission, it was pos¬ 
sible to distribute energy to limited distances by various methods, 
but no system offered a long distance transmission for all pur¬ 
poses. By means of com pressed air or steam pipes the energy of 
coal lias been transmitted to produce mechanical power or for 
heating, and gas mains have allowed the distribution of gas for 
lighting or for fuel. 

In the case of power obtained from steam plants, the economy 
incidental to large units and a steady load, has led to the concen¬ 
tration of industries. Where steam is used, the plants are situ¬ 
ated where it is most convenient for manufacture. Where water 
power is employed it is necessary to bring the factories to the 
location of the power irrespective of other conditions. 
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I:>y means of dynamo electric machines, the energy obtained 
from either coal or water power may he transformed into electri 
cal energy; may be distributed and then transformed again into 
mechanical power, light or heat, or may be used for a number of 
purposes peculiar to this form of energy alone. The limits to the 
distance of this distribution are imposed by conditions of economy 
and safety. * 

. 14 ,s m .7 purpose to take tip the different methods of transmis¬ 
sion and distribution, and to consider the limits that are actually 
fixed by the present status of electrical development. The ques¬ 
tion is a commercial one, each problem presenting different eon 
ditums which must ho considered, hut certain general principles 
govern each ease, and our knowledge and experience make it 

possible to judge the practicability of each particular trails 
mission. 

(* KN i : K ATI N< 1 P LA NTS. 

At the present time practically all of the electrical energy 
distributed is generated in plants operate,I either by steam or 
waiter power, and it is important to consider the conditions of 
maximum economy in large generating plants, as this bears 
directly on the subject of transmission and distribution 

A large proportion of the electrical plants in this country are 


* • ' in w mumrv are 

steam plants. In the last ten years we have advanced from small 
stations using high speed dynamos for light and power distribu¬ 
tion to large stations, using, as a rule, low speed direct connected 
machines. 1 he simple engines that were used some years am> 
mve, in many cases, been changed to compound and even triple 
expansion engines, and where it is possible condensers have been 
employed. Some of the latest plants have, machinery of the 
highest possible efficiency, and yet if we consider the price per 

t'evl I" P t7 ' J<1 ’ w " «>“< H,at it is greater than 
wo expect, i Ins is partly due to the fact that for both lightiim 

tho • <>ad ° n t,,u * uau>n ’ ^^ »<>< «»r- 

>rm, and the apparatus is not working under the best conditions 
for economy. In this country electrical energy is principally 
generated for electric lighting, for electric traction, and for sup. 
plying stationary motors; the stationary motors, as a rule, bourn 
supphed with current from lighting stations. I f we take the load 
diagram of such stations in large towns, we will find that the 
average output is not greater than 30 to 40 per cent, of the max¬ 
imum output. We have, therefore, to supply a large amount of 
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machinery corresponding to the maximum demand on the station, 
while for distribution a large amount of copper is required that 
is only being used at its maximum capacity for a comparatively 
short period of the time. In stations supplying power for trac¬ 
tion purposes, we find a variation of load, but the variation is a 
different kind from that found in a lighting station.' In the lat¬ 
ter the load varies at different hours in the day, but for any par¬ 
ticular instant it is practically constant. In the former the average 
load for different hours during which the station is operated will 
be practically constant, but there will be momentary vaiiations 
depending upon the size of the station and the type of traffic. 
Taking for instance a 2000 h. p. station in Baltimore, I find that 
the average load is 48 per cent, of the momentary maximum 
load. This difference in the kind of variation for the two types 
of stations, necessitates employment of different apparatus to obtain 
the maximum economy for each type. For lighting stations 
triple expansion engines may be used, while for traction work, 
where the variation in the load is sudden, and may occur after the 
steam is cut off from the high pressure cylinder, it is not well in 
general to go beyond compound engines, and there is even a 
question as to whether simple engines are not more economical 
when condensing water cannot be obtained. In any case, how¬ 
ever, it is of the utmost importance as regards economy of oper¬ 
ation that the load should be made as constant as possible. 

Two distinct types of distribution are used for incandescent 
lighting in this country—the single-phase alternating current and 
the direct current three-wire system. At the present time the 
former does not permit the supplying of power. As alternating 
distribution is at high potential it does permit the location of 
the station where the conditions of maximum economy can be 
fulfilled. The three-wire incandescent system using low voltages 
may be used for supplying motors, but the amount of copper 
necessitated by the low pressure has caused such stations to be 
located near the centre of distribution irrespective of the best 
conditions for the economical operation of the plant. 

With the alternating system it seems impossible to provide even 
a moderately steady output, but with the continuous current 
system the motor load during the day gives an average output 
greater in proportion to the maximum. Some years ago the 
question of the relative values of the alternating and direct cur¬ 
rent systems was discussed, and for a while most of the stations 
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installed were of the alternating type. At present the tendency 
seems rather in the direction of continuous current stations, espec¬ 
ially in towns where there is a large demand for current within 
a comparatively small area. There is it great advantage of direct 
currents in that they allow the employment of storage batteries 
which equalizes the load on the station. In almost all of the 
large lighting plants, both here and abroad, this plan has been 
adopted to a greater or less extent, and the results have been so 
favorable that the battery equipments in many of our stations 
are being increased. The efficiency of batteries in lighting sta¬ 
tions is comparatively high, while the depreciation has been greatly 
reduced, and is not now over live or six per cent, per annum. In 
most systems, however, the lull benefit of the storage batteries is 
not realized, as the batteries are placed in the station, and while 
the advantage of an approximately constant load is obtained, yet 
the further advantage offered in distribution is not secured. [ 
will take this question up later. 

In New \ ork, Brooklyn, Boston and Chicago, a large propor¬ 
tion of the direct current lighting stations are situated where it 
is expensive to handle the coal and ashes, and where the economy, 
due to condensation, is not obtained. It. isalso the custom to use 
several stations instead of a single large station, and this increases 
the cost of production both in operating expenses and fixed 
charges. The question arises whether we have reached a point 
where it will he more economical to consolidate flic stations in 
the best possible location for economical production of energy, 
and make use of the means of distribution which have been 
developed in the last few years to increase the ratlins at which 
energy can he supplied. 

As far as traction stations are concerned, their efficiency and 
output would be increased by the use of batteries, both because 
the machinery would he steadily loaded, and because the most 
efficient type of apparatus could he used as is the case in lighting 
stations. By the consolidation of railroad properties that lias 
taken, place in the last few years, single corporations operate 
electric lines over extended areas. It is the custom to build a 
number of stations, each running a certain section of the line, the 
idea, being that the decreased cost of copper and the decreased 
possibility of a shut-down would more than compensate for the 
increased cost of operation and fixed charges. It is, again, impor¬ 
tant to consider the question whether we have not reached the 
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point where a single station can be built in such a way that there 
is little or no possibility of any accident causing a suspension of 
the entire traffic of the system, and where improved methods of 
distribution will decrease the amount of copper so that it will not 
exceed that required by the present method of using a number 
of generating stations. 

If storage batteries are used, the two types of variable load be¬ 
longing to lighting and power stations demand different types of 
battery. For lighting stations a considerable capacity is required,, 
while the momentary variations of power stations do not require 
any great capacity, but demand as great a maximum output as 
battery manufacturers can obtain. 

In waterpower plants the conditions of economy are different. 
The location of the plant is, of course, definitely fixed, and the 
advisability of obtaining a uniform load, by means of batteries, 
depends upon the local conditions. If the water power is limited, 
and is less than the demand, then it might be w r ell to use batteries 
in order to increase the amount of salable power. Again, if the 
development is expensive, it might be cheaper to develop a smaller 
amount of power, pay for a smaller amount of machinery and 
increase the output by the addition of batteries. These are ques¬ 
tions that can only be decided by a knowledge of the local con¬ 
ditions. 

We' may conclude that while the practice in large lighting and 
traction systems is to multiply stations near centres of consump¬ 
tion, yet the economy of a single large station makes it important 
to consider whether it is not possible to concentrate our po x .ver at 
some point where the expenses will be a minimum, and distribute 
by some of the methods which have in the last few years proved 
successful and economical. It is important to make the station 
load steady, and this may be done for continuous current light¬ 
ing and traction plants, by means of storage batteries. 

' Electrical Distribution. 

The distribution of 'electrical energy to consumers as distin¬ 
guished from its transmission to long distances, has been largely 
accomplished by the agency of continuous currents, although 
alternating currents have played an important partin incandescent 
lighting. As I have stated, a considerable proportion of current 
for lighting is distributed at constant potential on the three-wire 
system, or at constant current on arc light circuits, while power 
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for traction circuits is distributed at approximately constant 
potential at an average of say 550 volts. 

I shall first consider the condition of affaire in a traction system 
in a large city, where a number of suburban lines are operated 
If direct distribution is attempted from a single station it will be 
found that when the distance exceeds five or six miles a lanm 
amount of copper must be employed to prevent both excessive 
loss and excessive variation of potential on the lines. On subur¬ 
ban lines it is the latter consideration that usually determines the 
amount of copper used, and this is especially true on lines where 
there is a considerable excursion traffic. Even in t he eitv itself 
the supplying of sections at distances three or four miles from 
the station may require so much copper that it would lie less ex¬ 
pensive to operate separate stations. Several methods other than 
the direct method may he employed to remedy these difficulties, 
for outlying lines where the traffic is mainly of the excursion 
order, being variable both during the day and for different sea¬ 
sons, boosters may be advantageously used. It is perhaps best 
from raisons of economy to run the boosting dynamos from 
motors. These dynamos are series-wound and are connected to 
feeders of such resistance that the fall of potential in the wire 
for a given current is compensated for by the rise in voltage of the 
booster. There is a decreased cost of copper incidental to this 
system, duo to the fact that the drop is not limited by considera¬ 
tions of regulation—the voltage at the end of the feeder being 
constant—while the transmission is at an increased potential. If 
the average station potential is <500 volts, and it is boosted 300 
volts, then the copper for a given loss would he decreased in the 
ratio ol m to 81. The booster system has the advantage of the 
diiect s\stem when the cost of the additional apparatus together 
with the increased loss on the line, capitalized, is less than the 
increased cost of the copper necessary to produce the same result 
by the direct system. Whether the balance is in favor of one or 
the other depends on the distance and the variation of the load, 
and it is indifferent whether the variation in the latter occurs 
often or not. 

If any transforming device is employed to feed a distant sec¬ 
tion of the line it must he remembered that the capacity of the 
device must be great enough to lookout for the maximum de¬ 
mand on this section. Suppose now that we wish to feed some 
suburban line where the load has considerable momentary Hue- 





tuations, but where tlie traffic is moderately constant during the 
year. In this ease the booster could be used with a storage 
battery at the end of its feeder, the battery supplying the line. 
The advantages of this combination are greater than with the 
simple booster, and in many cases they will compensate for the 
interest and depreciation on the battery and the loss in it. If the 
arrangement is properly made, the load on the booster and line 
wire will be practically constant, thus decreasing the capacity of 
the booster to that required for the average load, while less 
copper will he required for a given loss. As to the latter point, 
suppose a given amount of power is to he distributed in 24 hours, 
say 200 amperes at 600 volts, if the load is uniform, the loss will be 
proportional to 200 3 X 24 hours. If it is all distributed in 12 
hours, the loss will be proportional to 400- X 12 hours, or twice 
as much. So in the case of the steady load, the same power could' 
be transmitted with the same loss with half the copper. It makes 
no difference whether the variation extends over 12 hours in 24 
or occurs every other minute, the result will he the same. It 
is apparent then that it is of the utmost importance to keep the 
line steadily loaded, as well as the station, and this points to the 
location of the battery near the points of consumption and not 
in the station. By this system—a booster with storage batteries 
—it is possible, assuming the same loss, to transmit power to a 
distance of ten miles with approximately the same amount of 
copper that would he required for a five-mile transmission on the 
direct system. It would increase the economical radius of dis¬ 
tribution twice, and the area of distribution four times. A single 
station could economically supply lines within distances up to ten 
or twelve miles. If it is desired to still further increase the 
radius of distribution, it is possible to do this by employing some 
of the alternating current methods that have come into use. 1 
will discuss these methods later, but at this point I may remark that 
the use of stationary and rotary transformers permits the energy to 
be transmitted in the form of alternating currents, and to he changed 
again into continuous currents of any required voltage. These 
rotary transformers supplied by an alternating current which is 
transmitted from the station at a high voltage, may be used to 
feed the line directly, or they may he used to supply storage bat¬ 
teries which are connected to the line. In the latter case we 
have the advantage of decreased size of apparatus, of steady load 
on .the station, and of a minimum cost of copper on the line; 





*03 DUNCAN ON ELECTRICAL TRANSMISSION. [Sept. 33 , 

which system it would be best to employ would depend upon the 
distances and the character of the line and load. 

Of the systems that I have proposed for city and suburban 
distribution from a single station, three have been successfully 
■ employed, namely : the booster system ; the booster system with 
batteries, and rotary transformers operating directly on the line 
When we consider the advantages of a single station and a steady- 
load, it seems evident to me, that many of the large traction sys¬ 
tems would do well to concentrate their stations into one, and to 
use the booster system with batteries for their outlying lines and 
if necessary use rotary transformers for lines beyond the limit of 
ordinary suburban work. As to the possibility of the complete 
shutdown of such a station, we have reached such a point in the 
construction of machinery, both electrical and mechanical, that 
with a proper reserve, a careful system of duplex steam piping, 
and with fire-proof construction of the station, such a possibility 
may be disregarded; while the batteries would lookout for any 
momentary interruption on the feeders. 

Continuous Oukkknt Low Voi.taok Distuiiwtion. 

Some ol the most important stations supplying incandescent 
lamps are operated on the three wire continuous current system. 
In the last lew years a considerable advance has been made in the 
sale of power for motors from these stations, and (Ids has in¬ 
creased the revenue and has given better average output. The 
tendency in this country has been in the direction of using.storage 
batteries in such stations, and abroad practically every continuous 
current station uses batteries. As in the ease of traction systems 
it has been the custom in large cities to build a number of sepa- 
rate stations instead of building a, single plant, a,ml distributiim 
from it. The batteries have been placed in the stations them¬ 
selves, and no attempt has been made to decrease t he amount of 
copper used by employing a number ofeentresof distributimnuid 
giving the main feeders a steady load. The same considerations 
that apply to stations for traction work will also apply to stations 
used to supply lights, and the same methods of distribution may he 
used. It would unquestionably be more economical, in many in¬ 
stances, to use single stations, to transmit power from these 
stations to centres of distribution, where batteries may he located 
and to distribute from these centres on a three-wire system A 
-case in point is the system used at Budapest, where the energy 
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is distributed from the centra] station to rotary transformers at 
sub-stations, these rotary transformers feeding batteries, current 
being distributed from these batteries on a three-wire system. 
The reports of the operation of this station show that it is both 
economical and successful, and it might well be copied by some 
of the companies in this country. The gross receipts of some of 
the large illuminating companies bear such a large proportion to 
the company’s stock, that a comparatively small saving in opera¬ 
tion would mean a considerable increase in the dividends, and 
there is no doubt in my mind that by using one power station, 
with battery sub-stations for distribution, that the operating ex¬ 
penses can be considerably decreased. 

ALTKKNATINO O'lTRRENTS KOK LIGHTING. 

Alternating currents have been employed for lighting in this 
country, and they have been especially valuable where a district 
is to be supplied in which the distances are considerable as com¬ 
pared with a number of customers. It has been almost the uni¬ 
versal custom to supply small transformers for each consumer, 
and while the average size of transformers is greater now than it 
was a few years ago, yet they are comparatively small. No 
power has been supplied from such stations, and although alter¬ 
nating arc lamps are used to a limited extent, yet the number is 
not increasing, and in some cases continuous current arc lamps 
have been substituted for the alternating. Under these condi¬ 
tions the load on the station is even more variable than in the 
case of a continuous current supply where motors may be em¬ 
ployed, and the constant loss due to the large number of small 
transformers used, places this system at a disadvantage as com¬ 
pared with the continuous current system. The great advantage 
it possesses lies in the increased area of distribution rendered 
possible by the high voltages that are used, together with the 
possibility of locating the stations where power can be cheaply 
made. Abroad in the last few years, most of the new stations that 
have been built use continuous currents, although some years ago 
the greater proportion of them were alternating current stations. 
It is also the custom abroad to use sub-stations with large trans¬ 
formers for distribution, thus doing away with a considerable 
part of the constant loss due to the small transformers used here. 
It is not possible, at the present time, without greatly complica¬ 
ting the system, to obtain a steady load on the station, and the 
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only question that arises is the value of sub-stations, and the pos¬ 
sibility of using some form of alternating current other than the 
single-phase. 

Methods of Electrical Transmission. 

Coming to the question of transmission of electrical energy as 
distinguished from the supply to customers from distributing cen¬ 
tres, there have been great advances made in the last few years, 
and these mainly through the introduction of multiphase alternat¬ 
ing currents. Single-phase alternating currents permit the trans¬ 
mission of power to long distances and its distribution for lighting 
purposes. It is also possible to supply power from such circuits 
to large motors working under a steady load. It is not possible, 
however, to distribute power economically for ordinary uses. As 
most long distance transmission schemes contemplate the substi¬ 
tution of electric motors for steam engines, and as their success 
will, in many cases, depend upon the possibility of such substi¬ 
tution, single-phase alternating currents are not at present able to 
comply with the conditions imposed by the desired service. The 
introduction of multiphase alternating systems, where two or 
more alternating currents are employed, the currents differing in 
phase, has completely changed the situation with respect to long 
distance transmission. I shall consider briefly the possibilities of 
such systems, and their value as compared with any direct cur¬ 
rent system. 

Continuous Current Transmission. 

The first long distance transmission plant was operated by the 
continuous current system, and even now plants are being built 
in which continuous currents of high potential are used to transmit 
energy to distances up to 15 miles. As compared with trans¬ 
mission by means of alternating currents, we will find that the 
continuous current system possesses some advantages and some 
disadvantages. If we consider the relative cost of the copper in 
the line for a given amount of power transmitted, and for a given 
maximum potential between the conductors, we will find that the 
relative amounts for the continuous current and the different 
alternating current systems, will be as follows : 


Continuous Current. ICO 

Single-phase Alternating. 200 

Two-phase “ 200 

Three-phase “ . ... 150 
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We see then that the continuous current has a marked advan¬ 
tage over the alternating current systems as far as the cost of 
copper is concerned. There are, however, certain practical dis¬ 
advantages belonging to this system. . The high voltages necessary 
for Iondistance transmission make it impossible to distribute the 
current 5 at the receiving end without first reducing the voltage. 
With continuous current this can only be done by employing a 
rotary commutator of some kind. A plan which has been practi¬ 
cally and successfully used has been to run a number of dynamos 
in series at the generating end of a line, while at the receiving 
end are a number of motors, also arranged in series, which are 
used to drive other generators to give the required type of cur¬ 
rent and the desired voltage. It lias not been found possible to 
make either dynamos or motors of any great output, as there are 
practical difficulties in running dynamos of high potential where 
the current taken from them has a considerable value. M. I bury, 
has installed a number of continuous current transmission plants 
that have apparently given excellent results. At Bibenst, a 
transmission of 15 miles is employed. At Imescnv lOO n.r. ar 
transmitted over 12 miles at a maximum of 15,000 volts. M 
Tlmry states that generators for 45 amperes can be constructed 
up to 8000 volts, and he thinks that 4000 could be successfuly 
used. These machines, however, are small when compared with 
the 5000 n. i>. dynamos in use at Niagara, for instance, and w lere 
the transmission is a large one the great number of machines 
necessary would be a serious objection to this type of transmission. 
It will be seen that the greatest possibility of trouble, in such a 
transmission, lies at the ends of the line, in the generating and 
receiving apparatus. It is necessary, no matter what our voltage 
is, that both the dynamos and motors shall be directly subjected 
to it, and this with commutated machines will always be a source 
of datmer. If we are to do any considerable amount of lighting 
from such a station, our energy for this purpose undergoes three 
transformations before it reaches the lamps, and the efficiency 
would not be so high as in a corresponding alternating cuilent 
system It would hardly be possible to supply motors for 
ordinary work at the high voltages used for transmission, and the 
current for them would have to be transformed m the same man¬ 
ner as the current for the lamps. It must be recognized, now 
ever, that this system has been successfully used and has given 
excellent results in a few cases of transmission. Its great advan- 
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tage lies in the decreased amount of copper as compared with 
the alternating systems, and in the absence of induction effects, 
which are a drawback to alternating current transmission. 

Transmission by Alternating Currents. 

A large proportion of the transmission plants that have been 
installed in the last few years have been of the alternating cur¬ 
rent type. These have, as a rule, given satisfactory results, and 
the installations that are now being erected or planned are almost 
exclusively on an alternating current basis. The great advantage 
of this system lies in the fact that it is possible to change the 
voltage of the current without the use of rotating apparatus, and 
at once economically and safely. Low voltage dynamos may be 
used, the voltage may be increased in any desired ratio by 
stationary transformers, the energy may be transmitted at an in¬ 
creased voltage, and at the receiving end the voltage may again 
be reduced by transformers. If we compare this method with 
the continuous current system, we will see that to obtain an 
alternating current of the required pressure at the receiving end 
of the line, we would use the same number of transformations 
required by the continuous current system. We have the great 
advantage, however, that our changes in voltage have been 
obtained by the agency of stationary apparatus, which is much 
cheaper, is more efficient, and is safer than that required in the 
continuous current system. It is possible to inci’ease the voltage 
by means of transformers to almost any value with perfect safety, 
and with an efficiency as high as 98 per cent, or 99 per cent. If 
then our alternating current, when it has been reduced at the 
receiving end, is as valuable for distribution as the current 
obtained by the direct current system, there will be no doubt 
that alternating transmission has great advantages over continu¬ 
ous currents. 

I have spoken of the relative amounts of copper required by 
the single-phase, two-phase and three-phase alternating currents. 
I do not think it necessary to explain minutely the difference be¬ 
tween these systems, as they are well understood. In a single-phase 
system a single alternating current is used. In a two-phase system 
two alternating currents, whose phases differ by 90 degrees, are 
employed, while in the three-phase system, there are three cur¬ 
rents differing in phases by 60 degrees. I shall consider the charac¬ 
teristics of these three systems, as there has been much discussion 
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especially as to the relative value of the last two of them for 
transmission work. I shall not discuss the various modifications 
of the systems, but shall confine myself to general considerations. 
There is no single-phase motor in successful commercial operation 
that does not require to he started from rest by some outside 
means. This prevents a single-phase current from being used at 
the present time for power distribution ; and as, in most trans¬ 
mission, the distribution of power is an important item, single¬ 
phase currents are not suitable for this purpose. In a two-phase 
system the currents are usually carried on separate pairs of wires, 
while in the three-phase system, three wires are generally used, a 
common return being unnecessary as the sum of the currents is 
zero, unless the circuits are unbalanced. In distributing on the 
three-phase system, a fourth wire can be employed, as it gives an 
advantage in the amount of copper used. 

In all these alternating systems the great ^difficulty lies in the 
fact that the inductance of the circuit causes the current to lag 
behind the electromotive force. This decreases the amount of 
energy transmitted by a given current at a given voltage; it 
causes a drop in the voltage of the line, and it increases the arma¬ 
ture reaction of the dynamo for a given current. The total 
inductance of the circuit is made up of the inductance of the 
transformers, of the dynamos, of the receiving apparatus and of 
the line. In the case of transmission to very long distances the 
lino inductance is a large proportion of the total, while the induct¬ 
ance of the receiving apparatus depends upon whether lights or 
motors are to be supplied and upon the construction of the latter. 
When the different wires of the multiphase system are fed from 
windings on the same dynamo armature, then the drop in voltage 
due to any excess of load on one of these circuits cannot be com¬ 
pensated for on t lie dynamo itself. If the amount of current and 
the lag of the current is the same for all of the circuits of the 
system, then it is easy by a compounding winding of the dynamo, or 
by changing the current in the field winding, if there is no com¬ 
pounding, to keep the voltage constant at either the sending 01 
receiving end. When the load on the different wires of the sys¬ 
tem is not the same, however, it is, as I have stated, impossible 
to keep all of the circuits at the proper voltage. Where a two- 
phase transmission with separate circuits is used, then it the sepa¬ 
rate circuits are wound on different armatures, each can be 
regulated to give a constant voltage at the receiving end. I his 
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is the ease, for instance, in the large dynamos built by the West- 
inghouse company for use at the World’s Fair in Chicago. The 
difficulty due to the uneven loading of the circuits is specially 
marked in the case of the three-phase system, and it is one of the 
principal objections that have been urged against the employ¬ 
ment of this system for distribution. It should be pointed out, 
too, that it is not enough to balance the quantities of current for 
the three-branches of the system, but the character of the current 
must also he considered. A non-inductive load on one wire, 
with an inductive load of equal value on the others would cause 
an unbalancing just as if the currents differed in amount. In 
most of the transmission plants that are being operated and that 
are proposed, it is required to run both lamps and motors from 
the same circuits, and while a slight variation of potential on the 
motors would not cause any particular trouble, yet the successful 
operation of the lamps requires a practically constant voltage. I 
think, however, and the same grounds have been taken by others, 
that in any practical transmission of considerable size, it is pos¬ 
sible to so balance the loads that this difficulty will not exist to 
an extent to cause any serious trouble. When the distributing 
part of the lines is reached, it is usually the custom when a three 
phase transmission is used, to employ four instead of three wires. 
As for line inductance in the two-phase and throe-pi nine systems, 
there is no question that the latter has an advantage in this respect. 
By suitable arrangement of circuits the line inductance can be 
brought to a minimum, and this is of the utmost importance in 
long distance transmission. I. will not take into account the sup¬ 
posed increased efficiency of three-phase motors and dynamos as 
against two-phase apparatus, as there is a question as to whether 
a superiority exists, hut simply considering the decreased amount 
of copper required and the decreased inductance of the line, 
there is no question, in my mind, that for transmission, the three- 
phase system is superior to the two-phase. It is well known, of 
course, that the inductance of the circuit can he, in some measure, 
compensated for by the use of condensers or over-excited syn¬ 
chronous motors. The first of these remedies is, however, a very 
uncertain quantity commercially, while the second should be 
used as much as possible, that Is, as many synchronous motors 
should he connected as is practicable. The best, remedy, ae 
things stand at present, lies in the careful construction of the line 
and the apparatus, so that the effects, although they exist, can be 
reduced to a minimum. 
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It ha* been, shown by Mr. Scott, and others, that it is possible 
to transform a two-phase into a three-phase current, to transmit 
it and to transform it hack again to a two-phase current. 1 118 
will allow us, if we wish, to use two-phase dynamos for generating 
the current, to transmit with the advantage incidental to the use 
() f three phases, and at our reducing end to use two-phase circuits 
f ol . J transmission. This lias some advantages as far as balancing 
the voltage on the circuits go, and it has been proposed in the 
r .,se of several plants whose installation is being considered. 

* Looking broadly at the value of alternating transmission as 
against -continuous* current transmission, we have a gam m the 
simplicity and safety in the transmission, and at the distributing 
end the use of multiphase currents enables us to supply bo i 
Iannis and power with an economy and success comparable o 
2 of the continuous current system. If it is necessary to use 
continuous currents for certain types of distribution at the icceiv- 
imreml tlmv can be obtained by the use of rotary transformers, 
by which the alternating current is transformed into a continuous 
current These machines have approximately the efficiency of 
corresponding continuous current dynamos, while the output for 
a given size is about 50 per cent, greater. 

PoSSim.K Voi.'l’AOKS AND DISTANCES OF TRANSMISSION. 

A number of calculations have been made as to the possibility 
of olectriual «mg, to very to" 

ouestion of cost of transmission alone is consideied, then wliue 
water powers or culm heaps are within distances of LOG milea a 
some urge centre of consumption, it has been shown that it 
3d 1 unprofitable to generate and transmit ol-tnca energy 
In these calculations, however, voltages are assumed that have 
neve,.'been employed for commercial plants, and whose availa¬ 
bility is problematic, while sufficient stress is J^TndnstrT^ 
on the question of the reliability of the power. If the * 
of a lar‘c citv depended upon a single transmission plant, it is 
evidenUhat the question of reliability is of paramount impoi- 
tance Where energy is supplied to manufacturers, to street cai 
systems, and for lighting, aleak down that would invffive 
cutting off of current for a day would mean an enoimous 
pmintary loss to the community. As the distance 
ion increases, the possibility of accident is increased m g eab 
ratio because we have not only the higher voltages to control but 
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the' length of the line that must be looked out for is also increased. 
The best guide lies in the practical experience which has been 
obtained in the present transmission plants and the consideration 
of the difficulties that have arisen and the remedies that have been 
employed. I have prepared a partial list of the principal trans¬ 
mission plants that are now in operation. 


Name. 

Type. 

Distance in 
Miles. 

Line Voltage. 

Horse Power. 

Remarks. 


Direct, 

4 

8oo 

1200 

Successful, increasing. 


20 

66oo 

400 

Successful. 



12 

8o«-o 

1000 

Successful, g years. 


“ 

12 

15000 

700 


Pomona and San Bernardino.. 

Single phase 
Alt. 

IS: 

O 

1000 

3000 

800 

400 

Successful, increasing, 4 yrs. 
To be increased, 3200 u. p. 

Bodie, Col.. 

u 

X»Y 

18 

3400 

6oco 

*6a 

2000 

Successful. 

Increasing to yooo H. p., 3 yrs. 



2 

3660 

600 

Successful.| 

Schoneeisung, Germany. ... 

Springfield. Mass. 

Quebec. Canada. .,........ 

2-phase Alt. 

4 'A 

8 

2600 

3600 

5000 

820 

8 20 

2 t 30 

Anderson, S C . 

Fitchburg, Mass.. 

Winooski, Vt................» 

3-phase. 

8 

2^2 

SSOO 

2150 
2500 

200 

400 

*50 

!! 

Baltic Conn .. 

5 

2500 

700 

** 

St. Hyacinthe, Canada . 

Concord. N. H. 

Fresno, Cal . ....... ... •»» 

U 

5 

4 

35 

14 

250a 

2500 

11000 

POO 

5000 

*400 

“ a years. 

44 2 years. 

“ to be increased. 

Big Cottonwood to Salt Bake 
flify 1 ITtph, . 

U 

10000 

1400 

M 

Lowell, Mass . 

Sacramento-Folsom, Cal. 

Redlands O ft l...... 

44 

6 to is 
24 

7 % 

55°° 

10000 

2500 

480 

4000 

700 

1 year. 

3 years, extending lines in 
other towns. 
(Kxperitnental.) 

Successful, 

Laulien to Frankfort, Ger..., 
I auffen to Heillwonn .... r ... 

;; 

too 

9 

rtf/* 

30000 

5000 

3<>0 

COO 

Oerlikon Works, Zurich, 
Switzerland .. .... 


* 3000 

45° 

U 

Portland, Oregon ... . 

Silverton Mine., Col.,.... .... 

u 

12 

4 

6000 

2500 

5000 

400 

44 to be increased, 




..... . ■ —- 


It will be seen that the longest transmission is at Fresno, Oak, 
the distance being about 35 miles. The highest alternating 
voltage used is 13,000 volts at Zurich, Switzerland. The highest 
direct potential is 15,000 volts at Brescia. 

All of these plants are working successfully, and this fact will 
lead to still longer transmission and higher voltages. No limit of 
either distance or potential has as yet been reached. If wo con¬ 
sider the record of the present transmission plants, we can safely 
say that it would not be going outside of the safe limit of devel¬ 
opment to transmit at least 50 miles at a potential of 20,000 volts, 
provided the energy could be delivered at such a price as to be 
considerably lower than the cost of a corresponding amount of 
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energy obtained from a steam plant. This, of coarse, is a matter 
of local condition entirely, and the commercial value ot such a 
transmission will depend upon local conditions. 

Long Distance Transmission for Railroad Work. 

The possibility of long distance electric railroad lines is inti- 
mately connected with the possibility of long distance transmission 
of power. We have seen that it is possible to transmit consideiab e 
distances from a single station. The current so distributed 
is not however, such that it can be applied directly to railroad 
motors but it must be transformed at points along the line, the 
distance apart of these points of distribution depending upon tl-e 
system that is employed. At present continuous cuuent moto. 
are used, and considerations of safety would lead us to use line 
potentials not greater than *00 volts. By distributing rn^y 
transformers at distances of live or six miles apart, wc woult 
able to supply motors with current without.any 
in copper. The amount of copper required, could be still fui thei 
retail by rotary txaasfonnor. with atorap, “ 

keeping a constant load on the transmission line. It will be found 
however, that on any long distance railroad line, the load on any 
section of the line is exceedingly variable and the discharge lae 
of the batteries will have to be very high m order to prevent ex¬ 
cessive cost for our reducing stations. It is doubtful whethei « 
have reached a point in battery construction where this system o 
transmission would be economical. It is cei am, mwe ,• 
when the distances are comparatively short, say within U i 
mid where the traffic is not evenly distributed, that rotary rans- 
formers, with or without batteries, can be economically employed 

for railroad work. 

Conclusions. 

My conclusions, subject always to the influence of local con- 

Tln^r^uUnt lighting and traction system^ 1 ^ 

the power is generated in or near the area of distribution iti 
best to use one station situated at the most economical point for 

the traction systems, when the economical 
area of direct distribution is passed, boosters should ^ e,n P W e 
directly or in connection with batteries, to a distance of ten o 
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twelve miles from a station, and beyond this, rotary transformers 
whether with or without batteries, should be used. 

3. In the ease of direct current lighting systems, the energy 
should be transmitted to storage batteries situated at centres of 
consumption either directly or by means of a rotary transformer 
and distributed from them. 

4. Where batteries are used, it is best to place them at the end 
of feeder wires to obtain the advantage of a constant load on the 
wire. 

5. The best system for the long distance transmission of energy, 
for general purposes, is the three-phase alternating system. 

6. Commercial transmissions are in successful operation for 
distances of 35 miles, and for voltages as high as 15,000 volts. 

Experience with these plants shows that the transmission to 50 
miles witli a pressure of 20,000 volts is practicable, beyond these 
limits the transmission would he more or less experimental. 

4 * -. . 

Discussion. 

* 

Mk. C. P. Steinmkx’z :—I have been very much interested in 
the problem of power transmission and distribution, discussed by 
our President, and while his paper is so complete that 1 cannot 
expect to add anything essentially new, still less criticise it, t 
would like to make a few remarks, especially on the rotary con¬ 
verter system. 

In railway circuits, wherever the distance is too groat for 
direct feeding from the continuous current generator, the booster 
is recommended for lines of moderate length, the rotary con¬ 
verter for greater distances. It is probably not generally appre¬ 
ciated that the rotary converter is not a mere transformer from 
alternating to continuous current, but shares with the booster the 
feature—valuable in a railway system—of compounding or even 
over-compounding automatically, or still more in general to main¬ 
tain any desired continuous current, voltage at its commutator 
brushes, irrespective of load or alternating current generator 
voltage, within certain limits. While in any stationary alternat¬ 
ing current transformer system at constant generator voltage, the 
secondary terminal voltage must fall off with increasing load, 
and an automatic compounding of the transformer is impossible, 
the rotary converter shares with the synchronous motor the 
feature that by varying its field excitation the voltage can be 
controlled by means of a variation of the phase relation between 
current and e. m. e. Thus at no load, the rotary converter can 
be under-excited, so that the counter e. m. e. is below the im¬ 
pressed e. m. e., and thus the current lagging greatly, and the 
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„ M . p. of self-induction of the whole system tlirown more or 
less in opposition to the generator voltage. The potential is 
thereby reduced to the desired no-load voltage. With increasing 
load the excitation of the rotary converter is increased, and at 
some intermediate load the counter e. m. f. becomes equal to the 
impressed n. m. f., and the rotary converters act as non-inductive 
load .riving thus a lesser drop of voltage m spite of the large 
‘m-rent than at no load, while with still higher load the counter 
F M. f. of the rotary converter rises beyond the impressed 
the current is made leading, and the k. m. f. of self-induction 
thrown more or less in phase with the generator voltage, thus 
actually raising the voltage, so that in an extreme case the voltage 
L lowest at generator terminals, and rises, the farther we go from 
the <--enerator, being highest at the commutator brushes of the 
converter. By m<Wof a weak shunt field and a very power 
fill scries field', the rotary converter can be made to contiol the 
excitation and thus the voltage automatically, and this feature• u 
Singmatle use of to a considerable extent now in power trans- 

''''such^'tm'nsinissVin, interesting by its absolutely antoinatu} 
control lias been in operation for about two years mil oitland, 

Oremm’ The generator at Oregon City feeds directly at about 

0)00 volts' th ret phase into the lines. The distance to Portland 
is 14 miles. Step-down transformers supply rotary conveiteis 

■e inn .• w each which are greatly over-compounded, while the 

^opened id c^stmd excitation. With an inherent 
regulation of about 15 per cent, m the generator, a i esibtance 
loss of 10 per cent, in lines and transformers, and about 20 per 
ceih ' lvactance ^voltage at the secondary terminals a drop ot 
voltaic from no load to full non-inductive load sllo,1 l d 

^Tliisphuit is still further interesting by having the rotary con¬ 
verters ftt Portland operating into the same trolley line, in 1 0 ! 
5thtuJbi! Jrivon direct current generators m Oregon City, U 

miles av\a}. li<»hting circuits, as operated on the Edison 

introduction of the rotary convutu. - ^ limited area 

the low tension continuous current sy - _ comP aratively 

oelitro If «1*» land, coal andwater*. more 

pensive, an,I require* i» eitie; l*» N ™ ' <>rk > et0 - 

XftwTaSr^SST-wW. collector rings and inter- 
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linking the stations by high potential lines feeding through 
step-up and step-down transformers, during the time of light 
load, and perhaps all through the summer, the smaller stations 
may be operated as rotary converter sub-stations from the larger 
stations, and engines and boilers shut down altogether, and started 
up only during times of heavy load, where all stations may be 
operated as primary generating stations in the same way as at 
present. 

Going still a step further, all stations may be operated as 
rotary converter stations by high potential feeders issuing from 
one alternating central station located outside of the city at some 
convenient place. The high potential feeders will be supplied 
with constant alternating voltage, and the control of the whole 
system effected in the rotary converter sub-stations by lead and 
lag, eventually, where a very wide range of voltage is required, 
with the help of stationary induction regulators. Such a system 
would permit connecting very large motors directly on the*alter¬ 
nating lines, and thereby relieve the low tension continuous 
current system of their reaction. 

With the comparison of continuous current and alternating 
current circuits on the basis of maximum voltage, I can riot quite 
agree. In the disruptive action of high potentials, a certain 
sluggishness exists, that is, disruption bikes place a finite time 
after the application of the potential. This makes it probable 
that the disruptive strain of an alternating potential is not pro¬ 
portional to the maximum voltage, but less. On the other hand 
an alternating electrostatic field may cause deterioration of the 
insulating material,by mechanical vibration, by beat due to elec¬ 
trostatic hysteresis or similar phenomena not met with in con¬ 
tinuous potentials. Continuous potentials, however, offer a 
formidable source of danger in their electrolytic action, which 
does not exist in alternating circuits. In the absence of compara¬ 
tive tests, it is therefore not safe to compare continuous and 
alternating circuits on the basis of the voltage, and it is quite 
possible that according to the circumstances, sometimes the alter¬ 
nating and sometimes the continuous electrostatic, strain may be 
more severe. 

It is gratifying to see that the voltage used in transmission 
lines has been constantly increased. While a few years ago3,000 
volts were hardly considered commercially safe, now 11,000 and 
12,000 volts are used extensively, and 15,000 to 20,000 volts dis¬ 
cussed. The danger limit is reached in the high potential lines ; 
not in the step-up and step-down transformers. Transformers 
can he built and operated safely at voltages far beyond anything 
ever thought of for power transmission. Only a few months ago 
I was able to reach by stationary transformers a potential of 
100,000 volts effective, or nearly a quarter of of a million volts 
maximum,—by the way, probably the highest alternating voltage 
ever experimented upon by man, if we leave out electrostatic 
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charges and oscillatory discharges as limited power phenomena, 
while in mv case 1 had practically unlimited power,—a 100 k.w. 
motor—behind the 160,000 volts. In line insulation consider¬ 
able progress has been made, and insulators can now be secured 
which will not be pierced below 50,000 or 60,000 vote effective 
alternating potential in dry weather. When damp, in og or 
rain a considerably lower voltage will leal? or creep over the 

insulator surface and thus short-circuit the line, and this brings 

us to the real limitation of transmission voltage which exists at 
present: the climate. In a perfectly dry dimate I should not 
liesitate to consider 20,000 or even 30,000 volts quite safe, while 
in a very damp and foggy climate, in ram and sleet, half this 

voltage rnav be decidedly unsafe. . , , , 

Mb. Townsknd Wolcott Some little time ago, I think about 
three years ago, an eminent English engineer referred to the 
continuous current as a nearly obsolete system, especially so far 
as distant transmission is concerned, and some of my acquain¬ 
tances here thought that I was. very inucli behind the tim 
because I could not see it quite m the same light. My position 
wi without placing any limits on the future possibilities of 
the alternatingCurrent, at that time the continuous cunent was 

certainly verv far from being obsolete. It is inteiestin^ to 
note this evening that the highest voltage which is mentioned as 
being in successful comme&al operation at the present day is 

:—Mr. President, I have enjoyed listening 
to vour admirable address, and I would like to make a few su 
geElst referem* toadet.il of long distanee tr,nsn, = , I. 
seems in the consideration that I have had of the niattu, tha 
the uiain^trouble lias been commereial-the question of cost of the 
copper The alternating current has, hv your paper, been advo¬ 
cated for long distance transmission, and it has one feature which 
I believe will in the near future, cause it to be used alu ™*t ex¬ 
clusively for longdistance transmission, and that is the skin tltu • 

grn,tor’ tl,e or of altornatioM, tho 1« tipgropar- 

tion of the diameter that is pierced. It follows, the t - > 
ciently high frequency, after giving due^pCr 
amperage to be transmitted, a large, compaiativcly tlun coppe 

tube will make the best conductor. . . i t - • .i. a + 

Now one of the long distance transmission difficulties, is that 
Of ho Z\ cable If we have our large diameter tube, we 

Cf to tip Eoropel 

of the experiments that have been ad- 

Ttsa 'zsgzrtis tgzz&L* - 




316 DUNCAN ON ELECTRICAL TRANSMISSION. [Sept. 26, 

country, that he can make his tubes in sections of 100 feet and 
that they will be sufficiently strong, supported at 100 feet dis¬ 
tances, not to be blown down if properly clamped. They will stand 
considerable strain. These tubes would be made by Mannesman ids 
process. 

European tests have shown that Prof. Silvanus Thompson’s 
experiments were correct, and that with an experimental tube 
line, using a small alternating motor, they got satisfactory and 
encouraging results by comparison with a plain copper wire. I 
believe that in the feeder system, for long distance work on the 
Erie Canal, copper tubes will be used. A test will be made 
looking to that object. 

I would like very much to hear any comments that the Presi 
dent may care to make upon that subject. 

Mr. Elias E. linos:—Mr. President, 1 have listened with a 
good deal of interest to the valuable paper presented to the meet¬ 
ing this evening, and particularly so because I, myself, have 
given the subject a great deal of attention. About eight or ten 
years ago I commenced some experiments with alternating cur¬ 
rents with a view to their application to railway work, as it was 
perfectly clear to me even at that time that if electric railways 
were to be extended over long distances, if electricity was ever to 
take the place of steam on trunk line roads, or even if it were to 
be extended into the suburbs of cities for the operation of or¬ 
dinary street railways over more than the average municipal 
distances, that higher transmitting pressures must be used than 
the direct-current 500-volt systems were employing, and I gave 
the subject, as I have stated, considerable attention, and subse¬ 
quently took out what I believe to he the first patents that were 
ever granted on the application of alternating currents of various 
types to railway work. At that time and for a long period 
afterward, the trend of popular feeling on the subject of alter¬ 
nating currents for railway or any other kind of power transmis¬ 
sion was rather backward, and I am very glad indeed to hear 
from the evidence presented in the address to which we have 
just listened, that during the past few years the opinion held by 
prominent electricians on that subject has changed. Now, there 
were several methods referred to ‘in this paper whereby the line 
losses to which existing electric railways are subject:" could he 
minimized and by means of which various types of transmission 
could be employed, and it was said among other things, that a 
combination of the direct and alternating current systems could 
be employed, the alternating being used for transmission, and by 
means of rotary converters transformed into a direct current at 
lower potential; also that the three-phase and two-phase alter¬ 
nating current systems had certain fields before thorn for long¬ 
distance work, with or without the use of a secondary battery for 
maintaining the load factor constant, despite the heavy fluctuations 
that exist in railway work. The employment of a secondary bat- 
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terv for tins purpose, when properly applied, offers.an excellent 
method for the maintenance of the greatly-to-be-desired uniform 
load and, in connection with direct-current motors, affords proba¬ 
bly the best means for bringing about a maximum degiee of 
economy in copper cost for a given system of distribution, as well 
+ w fL vhm m efficiency in the operation of the generating 
nl-rnt It is however, not necessary that the battery be located 
R e line in mder to’ accomplish this result, since the desired 
i , m in xwmy cases be effected to better advantage, m mj 
e olS by ri-ying the battery upon the cars ; This latter plan 
has certain additional advantages to commend it which I will o 
now take'tlie time to discuss. ° As to the relative merits of the 
single and multiphase system?, however, my own opinion is that 
own!o'to the m-cat simplicity and flexibility of the single-phase 

ll ernat m em-rent, it is more than likely that that will be the 
ultimate system to be employed in future for electric power 
transmission^on railways. Considerable progress has been made 
in recent years in the'direction of operating single-phase alter- 
nathm current motors and making them self-starting. I have 
done some work in that direction myself and I do not think 1 am 

.t ,t1:Z i 

ZaUR wiil permit, and then transform them down to a 
0U J ' i. 1 o.,tential at sub-stations or transforming vaults 
Hiifc wmk « '' t wllic b ordinary alternating current con- 

™ iarnl ‘Vhe lower pressure secondary terminals of 

time lK 'V|pconverting the alternating transmission 
ZlT ini a wer Smsir direct current through rotary trans- 
been said, and 

gather objectmmdflesy^.m It - hotter of 

to waste a g 1 ^. possesses the somewhat questionable advan- 
doing to-day, and it direct . ( . H rrent railway motors to 

tage of enabling us to use t e tendency of modern 

times is towards simplicity. 1 exception, and there 

I do not think it i. no«y 

on the subject this evening, ., • matter that interests 

discussed in its various bearings, lint it is a maxxer 
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the Institute and the public in general very largely and I trust 
that other members will in the near future bring up the matter 
and throw such additional light upon it as their experience may 
permit them to do. 

Mr. Nelson W. Perry: — The question of distribution of 
energy in municipalities, that is short distribution, as distinguished 
from transmission of energy over long distances presents quite a 
different problem. The two cases are entirely different and dis¬ 
tinct. For instance, we find that in long distance transmission of 
energy, the transmission of that energy in the potential form is 
usually the cheaper way. I think, Mr/President, you said in one 
of your former papers that the transmission of coal was effected 
to-day at about half a cent per ton mile. Now we find in our 
large cities that while we have got our coal to the depot or to the 
water front at a cost of say half a cent per ton mile, we are pay¬ 
ing fifty cents perhaps per ton mile to get it from the water front 
to our central station. It costs fifty-seven cents a ton to deliver 
coal on the sidewalk outside the Duane Street station of the 
Edison Electric Illuminating Company of New York and to 
carry away the ashes, and that is a distance of perhaps a mile and 
a half, not more than two miles, from the water front. Now in 
respect to distribution in a large city, it is necessary with our low 
potential system of course to locate our central station in the cen¬ 
tre of the district to be supplied where real estate is high. That 
means that our fixed charges are large, and one of the largest 
charges in the cost of our energy is the fixed charges. & It 
becomes necessary then that we should reduce those fixecf charges 
to the lowest possible amount. With our present methods I 
believe it is fair to assume that the boiler-room occupies 
about the same space as the dynamo and engine room do; that is 
they are about hall, and half. Iho gas engine is a recourse which 
I have advocated. It would do away with the boiler-room which 
takes fifty per cent, of the floor space. It would require a little 
more attendance perhaps than the steam engine, but the stand-by 
losses would be reduced, and it would permit the location of our 
plants on property which was cheap and where fuel could be had 
with the minimum of handling. I recently had occasion to make 
a few calculations as to the cost of distribution of energy in the 
potential form of gas. Assuming a gas of ,55 specific gravity and 
with a calorific power such that 25 cubic feet consumed in a tm 
engine per hour would give a horse power hour under fair con- 
ditions, I got some results which astonished me, and which 
will doubtless astonish others who have not looked into the mat¬ 
ter. Assuming a transmission to a distance of 5,000 yards, gas 
of a specific gravity of .65, and a pipe 12 inches in diameter, and 
to provide for bends, that there was a 90 degree bend every 2o0 
yaidb, I have figured out the percentage of power consumed in 
the transmission .under various degrees of water pressure. Under 
one inch of water pressure we would transmit 500 horse power of 
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such a gas, the percentage of the power transmitted consumed in 
transmission would he .007 of 1 per cent. Then going to 10 
inches of pressure we would deliver 1600 horsepower with a loss 
in energy of transmission of .07 of one per cent, of the power de¬ 
livered! The percentage loss in transmission with gas is very 
nearly directly proportional to the pressure, whereas you know that 
with electricity it is the other way, and the two curves would 
cross each other somewhere—just where, would depend upon the 
conditions. While the gas transmission for municipal distribution 
would seem to be by far the more economical method, it would not 
apply at all to the longer transmissions because of the direction of 
these two curves which would be straight lines approaching each 
other at a somewhat obtuse angle. The plan which I had in mind 
was the location of a large plant for commercial purposes on land 
which was cheap, on the water front or on a railroad where the 
coal could be handled at a minimum of expense, and the ashes 
be gotten rid of with very little trouble, and the transmission of 
that* fuel gas to centres of distribution where gas engines would 
be employed to drive dynamos. Those centres would preferably 
be centres of smaller radii than usually supplied, by central 
stations, or if for any reason it seemed desirable to increase the 
radius of these districts, and even with the shorter ones, it might 
be advisable as President Duncan has said, to use the storage bat¬ 
tery in order to use the machinery, and plant, and labor.that we 
did employ to the best advantage by operating them continuously 
at their best output. But it seemed to me that these figures of 
the cost of transmission, the drop in transmission by gas, is some¬ 
thing that is astonishing. I had no idea that 1 would arrive at 
any "such figures as those when 1 started to make.these cal¬ 
culations. In electrical transmission when the distance is not very 
long we allow 10 per cent. Five per cent, would not be 
economical in many cases, and here we go down, in one case, to 
the seven thousandth part of one per cent, 

Mr. J. G. Wiiitk :—I presume that most of the people present 
are electrical engineers rather than gas engineers, and are con¬ 
sequently interested in seeing the electrical side of this question 
fairly upheld. 1 would like to ask Mr. Perry one question, and 
that'is, what allowance he has.made for leakage in his gas trans¬ 
mission, and what allowance it would probably be necessary to 
make for leakage, assuming that the energy was electrically 
transmitted. In the gas transmission, so far as I know the sub¬ 
ject, the leakage is by large odds the most important item., and 
the loss in pressure or loss of energy due to transmission is 
practically negligible, whereas directly the reverse is.true with 
the electrical transmission. I know of a gas plant which is now 
in operation and distributing its produce through some.three 
miles of pipe, the most distant point being within two miles of 
the holder, in which the average loss due to leakage is about 43 
per cent. Suppose we add to that the .007 of one per cent, for 
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loss in transmission; then we get a very respectable total. So 
large an allowance would not be necessary with a well constructed 
line—one that was kept in good repair ; but it would even then 
be a very considerable item. 

Mr. Perry:— -I would say that 1 had not allowed for 40 per 
cent, leakage in this estimate of mine. A friend suggests that 
the leakage referred to may have been in a municipal plant. 

The President: —The transmission was certainly very eco¬ 
nomical; but everyone who has seen an Italian pushing a lot of 
dynamite in a push-cart must have observed that there was a 
great deal of energy transmitted with very little expenditure of 
power. We would hardly, however, consider a push-cart a partic¬ 
ularly efficient means of power transmission. 

Mr. Steinmetz: —On single phase alternating current motors, 
inventors have been working since the early days of alternating 
current distribution, that is for about ten years, and on an aver¬ 
age about three or four times every year we have been told by 
some inventor that the single phase motor is practically perfected, 
and that we should wait a few months only to see a perfect motor 
brought on the market,—and we are waiting still. 

In the meantime our theoretical and practical knowledge of 
alternating current phenomena has been vastly increased, so that 
we can fairly well judge now on the prospects of self-starting 
single phase motors. 

The self-starting single phase motor of the induction type is 
not a mere fantasy any more, but such motors are listed as 
standard apparatus bv manufacturers, and a,re in commercial 
operation. At present, for instance, 1 am building a, 100 n. i*. 
single phase induction lyotor to go on a 00 cycle lighting circuit, 
and to start with considerable torque. 

It must be understood, however, that the single phase induc¬ 
tion motor compared with the polyphase motor must necessarily 
be less efficient, have a lower power factor, and a, larger exciting 
current, and require a larger current to start, with the same torque. 
That is, if in a polyphase induction motor the efficiency averages 
from 75 to 94 per cent., according to the size, the power factor 
from 85 to 90 per cent., the apparent efficiency from 00 to 80 
per cent., the exciting current from 20 to 95 per cent., and the 
motor will start with full load torque, while consuming not more 
than full load current, the single phase induction motor will give 
only from 05 to 85 per cent, efficiency, from 70 to 85 per cent, 
power factor, from 50 to 70 per cent, apparent efficiency ; it, will 
have an exciting current from 85 to 00 per cent., and require 
from two to three times full load current to start with full load 
torque, or develop from one-third to one-half full load torque 
with full load current in starting. Indeed a very satisfactory and 
efficient single phase motor can be produced, but the same motor 
operated as a polyphase motor would be still better. 

The single phase synchronous motors are not self-starting, but 
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have to be started by some means, either as polyphase motors by 
phase splitting devices, or by means of commutators, in very 
small motors, or by a small induction motor or direct current 
motor. When running at speed, however, they are practically 
as good and efficient as polyphase synchronous motors, and 
produce no lagging currents, but when properly excited give 100 
per cent, power factor, and can even be made to compensate for 
lagging currents, by over-excitation. 

Such motors have been nsed for power transmission, and the 
oldest power transmission by alternating currents in this country, 
the Walla Walla plant—still in operation, I believe, — con¬ 
sists of a pair of 60 k. w. higli-freqnency alternators, one as 
generator and the other as motor. The method of starting the 
plant is quite interesting. The generator lias a 500-volt exciter, 
the motor a 110-volt exciter. 1 iie line c*insists of two wiies in 
parallel. In starting, the 110-volt exciter of the motor is_started 
as continuous current motor over one of the lines by the oOO-volt 
exciter of the generator, and starts the synchronous motor. 
When up to speed, the motor is synchronized with the generator 
over the second line, then the continuous current starting line 
is disconnected and thrown in parallel with the other line. 

Other alternating single phase motors, as series and shunt 
motors or commutator motors in general, need hardly be dis¬ 
cussed since they have proved a dismal failure even m such 
small sizes as fan motors. As a starting device, the commutator 
is used on synchronous motors to a limited extent. . 

Mr. Ries:— L wish to state that I succeeded some, tune asm m 
constructing a synchronous motor that was self-starting. Mow- 
not arrived a. tl.at point J 

that motor for use as a practical railroad motoi. It va. lathei 
of smaller size and for that reason I did not state that : a success 
alternating current motor, single phase, self-starting, was now 
immediately available, but that I hopedand t mught tbat jt would 

successful single-phase 

for railroad work.thatin usmga t P ore rhead trolley 

etsteed a jg^yiU^ 
the ground, of course, as the return That hMMVj (o ^ 
objections of so prions a mtur tl t mot ,, r __ a .ingic-pb.Ke 

lines by means of high-tension ther ver y g re at point 

ing currents as I originally P™P^d. XeB t 8 y S tem that most 
in favor of the single-phase alternating cm rent bj 
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not be overlooked is the exceeding simplicity, mechanically and 
electrically, of the alternating current motor, and its ease of con¬ 
trol and freedom from faults and serious breakdowns under ex¬ 
cessive loads as compared with the railway motors now in general 
use. These advantages are sufficient, in my opinion, to more 
than counterbalance the losses due to their, at present, slightly 
lower electrical efficiency. It was in that view of the situation 
that I say that in order to have the greatest simplicity in the 
system, and simplicity is required if it is ever to he a permanent 
success, the single-phase alternating current system is the one 
that will in all probability be adopted. Of course, as in every 
other direction of development and progress, we must make use 
of those tilings we have, before Hying to others t hat we know not 
of, or at least, have not in immediate hand. The next year or 
two will probably see a great many long-distance electric*, railways 
installed in which rotary transformers are employed. There is 
no objection whatever to rotary transformers except that they in¬ 
volve the use of moving mechanism, and still retain that undesira¬ 
ble and apparently indispensable commutator; and if you place 
rotary converters at various sub stations along the line, one or two 
attendants at each station are required to look after them and keep 
them in order. Whereas if you put down a. static converter with 
no moving parts whatever, it can run itself without any attention; 
you can bury it out of sight in a hermetically tight box or vault or 
any other suitable receptacle and it requires no attention what¬ 
ever, and everyone must concede that such a system as that, is by 
far the most desirable one, and, as I have alrc«idy said, we can 
easily afford to sacrifice a little in the efficiency of our motor if 
by that means we can operate a system possessing so many points 
of superiority, and so many vastly greater advantages than the 
direct-current system that we now have, or than the two-phase or 
three-phase system, with its multiplicity of wires, that has been 
spoken of. 

Mr. Stkinmktz: —While 1 do not share the opinion that single 
phase alternating current motors will find an application in the 
near future for railway work, polyphase alternating railway 
systems will probably be installed to a certain extent soon. They 
have, indeed, the disadvantage of requiring two trolleys. How¬ 
ever, as you all know, one of the largest street railway systems 
in this country is operated on the double trolley system, and 
-operated successfully, and the objections to the double trolley 
are very much less on long distance high speed roads, and on 
suburban and interurban lines, where switches and crossings are 
few, and such roads would constitute the proper field of applica¬ 
tion for three phase railways. 

Regarding self-starting single phase synchronous motors, no such 
motor has ever been built. ()f course, a single phase synchronous 
motor can be supplied with a commutator to start as series motor, 
sand will then start, provided that the load is light enough, and the 
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motor is small enough to come up to speed before the commu¬ 
tator has burned up. , . .. . 

Mb. Wolcott: —I would like to ask for information it there are 
any polyphase railroads in operation now, except the one at 
Lugano, Switzerland. 

Mb. Stkinmktz :—-There is no three-phase railway in operation 
in this country, but in Europe I have heard that one small road 
is being operated. I have been doing a considerable amount of 
experimenting during the last two years on three-phase railway 
motors, with entire success, and in all probability some roads will 
soon be equipped with such motors. 

[Adjourned.] 
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New York, October 21st, 1896. 
The 109th meeting of the Institute was held this date, at 12 
West 31st Street, and was called to order by President Duncan 
at 8.10 r. m. 

The Secretary announced the election of the following associate 
members by the Executive Committee at the meeting in the 
afternoon. 

Name. 

Benoltkl, Sol D. 

Fish, Milton L. 


Rice, Arthur L. 

Total 8. 

Tiie President : — This evening we have a topical discussion on 
“Electric Traction under Steam Railway Conditions,” to be opened 
by Dr. Charles E. Emery. 
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A TopUal Discussion at the ioqth Meeting op the 
American Institute of Electrical Engineers , New 
York , October 21st , President Duncan in the 
Chair and Chicago , October 2SU1 , jSq6 , A/r. 
/*'. /i. Drake in the Chair. 


ELECTRIC TRACTION UNDER STEAM RAILWAY 

CONDITIONS. 

(A Topical Discussion.) 

Opening Remarks by Dr. Citas. E. Emery. 

In accepting an invitation to open this discussion upon general 
lines, it appeared necessary to make an investigation to ascertain 
in a general way the outcome of an attempt to introduce electric 
traction on our trunk line railways, in view of the rapid im¬ 
provements that have been made in electrical apparatus, and the 
reduction of cost that has "followed the greater demand. 

In the light of recent achievements, it can be assumed at the 
outset that electric traction under steam railway conditions is 
feasible. The only question is whether it will pay. The present 
applications only prove the former proposition, but do not touch 
the latter. 

Electric traction on street railways was commercially success¬ 
ful because it gave increased power by comparatively simple 
means, and the "actual cost of operation was less than formerly 
with horses, so that the saving in this respect, and the increased 
travel due to better facilities, warranted the enormous develop¬ 
ment which has taken place in this direction. The application 
of electric locomotives for suburban traffic underground, as on 
the City and South London Railway and on a branch surface 
road to Nantasket Beach, near Boston, with other somewhat 
similar applications, show the practicability, desirability and 
financial success of electric traction for such service. I ho Bal¬ 
timore tunnel application shows that electric power may be trans¬ 
mitted and utilized in very large units successfully, and the free¬ 
dom from escaping gases warrants the application at that particu¬ 
lar location without further investigation. In suburban traffic a 
certain flexibility is necessary by which large crowds may be 
taken when desired ; and if the comfort of the transit can be so- 
increased as to make frequent trips desirable to travelers, the 
business will be built up and the heavy expenditures necessary 
to change to electricity be compensated for in this way, even on 
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the present steam operated roads for considerable distances from 
large business centres. It does not seem probable, however, 
under present conditions, that any probable increase of travel 
will warrant the enormous outlay necessary to secure electric 
traction throughout the whole length of our trunk railroads. 

The greatest practical efficiency of an electric system of the 
kind proposed, between the engines at the central station and the 
rails would probably be <>0 per cent. This, on account of a 
second transmission to sub-stations and the necessity of using 
rheostatic regulation to some extent, would probably be reduced 
to 50 per cent., so that twice as many horse power would need to 
be generated at the central station as at the track with the pres¬ 
ent* steam locomotives. Kaeh horse-power in the central station 
will be developed for two pounds of cheap coal, or four pounds 
per net n.i\ delivered, whereas the steam passenger locomotive 
will on the average require six pounds, based on net tractive 
force and allowing for the various wast.es. 1 he saving in coal 
due to electric passenger traction will therefore be onc-tlurd. 
Coal is procured cheaply by the railroads, but probably an infe¬ 
rior qualitv costing 50 cents per ton, or say per cent, less than 
that used on locomotives, could be employed in the electric stations, 
so that, for trains of like weight, the saving in ms7 of coal for pas¬ 
senger service would he f X r‘ = L For freight engines we cal¬ 
culate the saving in cost for fuel will be about 55 pm* cent., and 
for switching engines about per cent. < >n railroads running 
through the coal regions the total cost of coal is about 0 per cent, 
of the total operating expenses. A saving of one half in I he cost 
of the coal then corresponds to a saving id 5 per cent, of operating 
expenses. For reasons that will he stated later, it is believed 
that, for general railroad work, independent electric locomotives 
will be required, and that these will necessarily be as heavy as 
present steam locomotives, on which basis the only saving in 
weight will be that of the tender, which wo have assumed as 10 
per cent, of the total weight of the train for passenger engines, 
8.3 per cent, for f reight engines, and 5 per cent, lor switching 
engines. The total load to be hauled will therefore be decreased 
by these several percentages, and the cost of coal reduced thereby 
to 45 per cent, of that required by the present locomotives for pas¬ 
senger trains; 43 A per cent, for freight trains, and 82 percent, 
for switching trains. Applying these percentages for the rela¬ 
tive amounts of coal used for these different purposes on a 
prominent railroad, the average saving in fuel becomes 58.9 per 
cent, or 5.89 per cent, of operating expenses. The cost of 
water is taken at | of l per cent, on the same basis, which in¬ 
creases the saving to 0.50 per cent. 

Considerable savings have been claimed on other grounds. 
First, in relative repairs of electric motors compared with loco¬ 
motives. Repairs will he lesson the motors of course, but are 
not inconsiderable, and when we consider that; the transmission 



18915.] 


A TOPICAL DISCUSSION. NEW YORE. 


829 


line trolley line and trolleys must l>e kept in repair as well as 
the ’motors, it cannot be far in error to assume that the question 
of repairs will he about balanced, independent of central station 
apparatus otherwise provided for. 

It lias been claimed that labor will be saved because the second 
man on an electric locomotive is required simply to provide tor 
sickness or accident of the driver, and can well be the baggage¬ 
man of a passenger train or the conductor of a freight train. 
Something of this kind may be worked out on an unimportant 
country road, but it would be impracticable on a large business 
scale. If a trunk line were to be changed to electricity to¬ 
morrow the best policy would be to keep the old engineers to 
operate the locomotives and learn of electricity as fast as posa¬ 
ble and to put the young men from the training schools ot the 
lar’ro companies as"the 'second men to watch electrical details 
and overcome unforeseen contingencies, the firemen taking their 
places as they learn how. It is also claimed that there will be a 
saving in the weight and cost of electric locomotives, particu¬ 
larly‘when applied under a car, but this system is of limited ap¬ 
plication. Heavy locomotives on trunk lines must have the 
same wehdit. for electric as for steam traction, independent ot the 
tender, as explained hereafter. Large savings in repairs to 
tracks and bridges are also claimed on account of the smooth¬ 
ness with which electric locomotives having no reciprocating 
parts would operate. The same weights must be run over the 
same rails at the same speed, and at least a great part of the 
wear and tear would be due to inequalities ot the traiik surface 
which would influence both systems alike. he picse t L, 
motives are so designed that, while the wheel loads on the Oliv¬ 
ers are heavy, the masses which strike blows are comparatively 
]bdit • that' is, they have simple wheels and axles, spring-con¬ 
nected to the frames. This is a very difficult thing to accom¬ 
plish with an electric locomotive without using exactly the fame 
■ construction. On a comparatively smooth track, 1 cm,likable 
steadiness of movement may lie obtained if the armatures ot the 
motors are secured to the axles ot the driving wheel and the 
fields supported concentric therewith, but such an arrangement 

fcLWJ m,fitted fcr . ».«1 to«* to 7X.r!“ 

Springs only relieve the frame. Lacli pair ot "heels - ‘ t 

tallied motor acts as an enormous trip-hammer on the tails and 
roadbed the moment the former gets the least out of_a 
by defect in original construction, by settling atte. mi s or^liom 
other causes. A connection to driving axles through geaimg io- 
dnees the blows very materially, but introduces ai high speed 
another difficulty. The vertical movements ot the 
would necessarily cause a change m the auguki ve ocity ot the 
armature during the time ot such movement, which, fot j^s 
occurring in the fraction of: a-second, would bring a heavy stiain 
.on the gearing and vary the speed of the armature momentaulj. 
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The variations in current due to such variation may also <q V r a 
longitudinal pulsation to the train. The mat tor is not helped at 
all by mounting the motors on hollow axles concentric with the 
driving axles so that the motors may he spring supported from 
the axles, for in such case the connection of the motor to the 
axles must he through links the equivalent of a universal joint 
which produce variations in velocity, when the axles are out of 
centre with the armature, similar to those where gearing is em¬ 
ployed. In fact, these very devices arc* used to obtain variation 
in angular velocity in many machines. Either gearing or uni¬ 
versal joints would have hack lash when current was' shut off. 
The suggestion recently occurred to the speaker, and he has not 
had time to calculate the effect ot these considerations, but they 
must be serious. A. train at. <>(i miles an hour moves about 1)0 
feet a second, sufficient to cover a number of yielding rail joints 
in that time. When the New York (Vntral Railroad started its 
fast, trains, the engineer found it necessary to go over the align¬ 
ment with instruments; as dips and vertical curves, which would 
not be noticed by the trackmen, gave very unpleasant motions 
to the cars at high speed. 

Eor reasons above given, it will he necessary to mount electric 
motors for fast locomotives away from the centres of the axles 
and connect through side rods, as in the present locomotives. 
The only other method would be to use chains, which are me¬ 
chanically impracticable. 1 here is another important reason for 
this. In order to obtain speed the motors must be wound for it 
so that the counterwdectr<>inotivt>f<u*(Hi will be produced by 
velocity rather than the number of turns, and, in starting, the 
mo to is <u e necessarily connected in series so as to reduce the 
starting current. For motors adapted to very high speeds, it 
will he necessary to put pairs in series even to*surmount heavy 
grades, to act as pushers in case of accident, or in removin'*** 
snow, etc. The c<)unter-cdccd.roinotive-f(>rce is therefore divided 
between several motors, hut not necessarily in equal degree. If 
with motors connected to separate axles, one for any reason slips 
its wheels, it will monopolize the larger portion of the electro¬ 
motive force and cut down the current on all the motors in series 
so that full power cannot be obtained. Working the motors in 
parallel with an enormous rheostat would be wasteful and, in 
some cases, impracticable. It is, therefore, important for two 
i east ms to connect driving wheels operated by separate motors 
by means of side rods. 

Again, it is essential that, on the road, speed be regulated by 
better means than a rheostat. A series motor varies its speed 
with the load and so cannot run without rheostatic regulation at 
a given speed if for any reason the number of cars in the train 
or the track resistance varies. It will, therefore, be necessary to 
return to commuted series held coils or equivalents, and it will 
be perhaps desirable to have a shunt winding which can he used 
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to ffive still closer regulation. In fact, shunt motors are being- 
introduced abroad for traction purposes. The use of these devices 
will increase the weight of the motors compared with simple series 
wound motors, for the simple reason that with the field reduced 
to the utmost it must still be sufficient to prevent sparking, anu 
there must be sufficient iron employed to make the stronger held 
efficient when- it is desirable to run slower. These considerations 
make more room desirable for the motors than can be provided 

in the trucks of an ordinary cai. . . , , 

For these several reasons it is predicted that the high speed 
electric locomotive of the future will, like the steam locomotive, 
be a structure independent of the train, that the motors will be 
hung on the frame independent of the driving wheels, and the 
same as well as the driving wheels connected by side. rods, lo 
obtain proper room under such conditions larger driving wheels 
will be employed than the wheels of an ordinary car. 11ns will 
go extend the’wheel base that it will not be safe to run at high 
speeds withbut the leading truck the same as on an ordinary lo¬ 
comotive, and in fact the electric locomotive will m all its gen¬ 
eral features be a steam locomotive without the boiler with motels 
substituted for the steam cylinders. In this way and probably m 
no other can the flexibility of the present steam locomotive he 
obtained. Probably there will be greater difference of opinion 
on this sub ject than on any other. The use of motors m the 
trucks of baggage cars is so fascinating that strong efforts will be 
and should be made to retain such a system, though the reasons 
. stated are believed to be sufficient to prevent «s general ^op¬ 
tion Again, it is desirable that the whole locomotive be a unit, 
on a strong frame calculated to resist the shocks due to collisions 
and accidents, and it is doubtful if locomotive drivers wi l.be 
found who will be willing to risk their lives on any other land 

° f To t i-ealffie e the flexibility of the ordinary locomotive, oneffiae(but 
to go on the line of one of the roads which has not .>ct adopted 
the heaviest, type of rail, hut yet runs express trams at 4o mi« 

per hour, grasp a convenient post close to the line ai . ld a J lt ^ 

around a inirve, if possible, where one can take the wind of the 

“.*a wtin it» w r i>- W C T„ ™,c°”av S 

sways nearly a foot from the perpendicular, hist o c ai t 

then the other. At a had joint the plunge “ ,a ^ ^ 

effect can he described as terrific as one cannot but ttankotje 
consequences if such a mass aben d leave the » ! • ^ 

tive however, follows the inequalities as readily as would a bum 

wlkb n ElecVri^l engineer, W *** T’" * 

bettor track but this will require additional expense and will not 
entirelyl^reome tlitTdifficulty. The elect™ lecomot.ee most 
be constructed so that it will do the work ot the orewnt ioeomm 
tive in the same way, and the feature of flexibility cannot lie 

sacrificed. 
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A modern heavy locomotive costs about $10,000, which is at 
the rate of $10 to’$12 per iu\, on about the same basis as elec¬ 
tric motors would be rated, it needs little argument to show 
that an electric locomotive to take its place under conditions 
stated would cost .fully as much. Moreover, it like care is to be 
taken of electric locomotives as of those for steam, the same 
number must be employed of like capacity tor like work. 

An approximate calculation of the cost of ehctriyally equip¬ 
ping; and operating a trunk line has been based on information 
in regard to the operating expenses of different railroads, given 
in the series of articles by Mr. 1 {axter, in the FMvtrival Engi¬ 
neer early this year. We have the ’highest respect for the indus¬ 
try. and ingenuity of Mr. Baxter, as In* was one of those who 
rendered valuable assistance to the speaker in carrying out a 
large enterprise a number of years ago, and we have adopted Iris 
facts, and for convenience have used some of Ids methods, but 
have been obliged to entirely disagree with his conclusions. For 
instance, we calculate that the cost of the steam and electric gen¬ 
erating plants will he about three times as much as he states, the 
transmission plant and sub-stations about twice as much, and the 
operating expenses about 51 times as much as he provides for. 
Necessarily the conclusions are diametrically opposite. 

The calculations are based on the operating expenses of a rail¬ 
way system, comprising nearly 2,700 miles of road and employ¬ 
ing 1,S()0 locomotives. I>v calculations based on the train miles, 
checked by the reported coal burned and the probable number of 
engines in use, Mr. Baxter ingeniously determines an average of 
140,000 horse power, considered as continuously operated, which, 
in our calculations, we estimate will require to replace it 2SO,OO0 
me. in the stations, on the basis of 50 per cent, efficiency from 
stationary engine pistons to track, and if tit) per cent, can be ob¬ 
tained by commuted fields, or other means herein discussed, the 
difference simply provides for an expected increase of travel. 
From the probable average power and t he actual reported oper¬ 
ating expenses corresponding thereto we proceed as follows: 
For facility of calculation and to obtain an underestimate, rather 
than one too large, the power required for the switching engines 
is distributed among the regular trains on the road. It is also 
assumed that the average number of trains is continued the en¬ 
tire length of the road instead of using a much greater number 
than the average for suburban travel. These methods cause an 
underestimate of the cost of the electric transmission, but enable 
the cost of operation to be accurately worked up from the aver¬ 
ages. The latter is the more important point, as t he other merely 
involves comparatively small questions of difference in the 
amount of interest. By this generalization the trains will be 
assumed as separated about '7-| miles, independent of direction, 
over the whole length of the road for every hour in the year. 
On this basis there will be required on the average, 100 station 
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horse-power per mile of road, independent of direction of trains, 
but to provide for concentrations which will inevitably occur, 
the generating plants and transmission lines have been worked 
out on the basis of 150 h.i*. per mile. The assumed number of 
trains will require on the average about 400 ii.i*. each at track, 
or 800 at station, which is high for an average, as the power of 
the switching engines is, as explained, distributed along the 
whole line for convenience of calculation on the basis of aver¬ 
ages. To obtain the economy due to fairly large stations they 
are assumed to be separated 45 miles from each other, and at 
two intermediate points transformers and rotary converters 
(transformers) located, by which means the feeders are supplied 
every 15 miles. On the above basis it is assumed that 6,750 it.p. 
is installed at each steam station, and -1,250 n.r. at each sub-sta¬ 
tion. To avoid overestimates the cost per u.i\ of steam and elec¬ 
tric plant in main stations has been assumed as only $80 per ii.p. 
with $20,000 for buildings, and for the whole apparatus in the 
sub-stations there has been allowed only $10 per horse-power and 
$10,200 for buildings and the copper in the high tension lines. 
The low tension copper has been worked out on the basis that 
half way between the main and sub-station two trains may meet, 
each requiring 1,000 me., and that a uniform section of copper 
sufficient to carry 7£ miles, the current required for half of this 
power, at an original tension of 'Too volts and a drop of 20 per 
cent., would he ample for the whole length of the low tension 
lines. On this basis the cost for copper at 13 cents per pound 
for the outgoing low tension conductors will he $1.2,*>86 pei mile. 
It is assumed that provision for supporting the outgoing conduc¬ 
tors and the bonds in main track for return current will cost 
$5 ()uO per mile. < >n the basis of these prices, without consider¬ 
in',r incidentals, the total cost of the electrical generating and 
transmission plant foots up $81,057 per mile, the annual interest 
on which at 5 per cent, is $1,55# per mile. If the services of 
the 1,800 steam locomotives can he furnished by .1,500 new elec¬ 
tric locomotives at $10,000 each, the same will cost $5,.mb per 
mile, requiring $278 annual interest per mile, making the total 
interest on steam and electrical plants, including locomotives, 
$1,831. per mile. The operating expenses of the station consid¬ 
ered as a steam station only, from Emery’s tables reduced to 
hours and 365 days, modifying cost of plant and eliminating coal 
and interest, is found to be $25.84 per average H.m per year, lhe 
time of 12 extra men for care of electric apparatus m the main 
and two sub stations amounts to $2.75 per n.r. per year, which 
makes the total operating expenses of the generating, transmis¬ 
sion and locomotive plants, exclusive of coal and interest, 
per average main station iu>. per year, or $3,031 per nine, or 
with interest added, viz.: $1,831 as above, a total of $4,8<m per 
mile. The operating expenses of the station thus calculated in¬ 
clude an allowance for repairs, insurance, taxes and renewals, it 
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should Ik* recollected that the oust of e;>a 1 has Ikmmi already pro¬ 
vided for iu the percentage ut saving first developed, and that 
the train expenses are assumed to be the same as lor steam loco¬ 
motives. The o | hum ting expenses oi the road uHug steanp 
amounted to &lb,lS7 pm* mde. t){ this, as previously stilted, 
h.f>b percent, will he saved by the use of ejectrieify, correspond¬ 
ing to $Wi) per mile. This subtracted from s-!,sb2 per mile 
(given as tin* cost of operating expenses of 1 lie generating sta¬ 
tions, etc., with inti*rest added p leaves »s.t,sdn pm* mile per year 
as the additional expense which will he entailed by the applica¬ 
tion 0 f electricity as a substitute for steam ; so, on tin* basis that 
the operating expenses are .»0 per cent. ut the gross reecq>ts, 
such gross recei|>ts must be incri*ased per cent, b\ the ini.ro- 
<1 action of electricity ov(*r the wludt* length <d tIn* lint*, in order 
t,o enable the road to pay the same dividends as before. 

It may he considered that the results will he chang'd mate¬ 
rially by the use of high-tension transmission throughout. If 
tri-phase currents at a tension of ltpnou volts were received by 
each electrical locomotivi*, the tension reduced by transformers 
eariied by the locomotive, and current employed to operate in¬ 
duction motors directly, or to operate direct current motors 
through rotary converters also carried by the locomotives, the 
saving independent. of extra transformers and converters would 
amount to $b,7U per mile, corresponding toSfst; interest per 
mile, and reduce the total increased operating expenses to s:;,;isU 
per mile, which would require that tin* gross receipts In*, in¬ 
creased 10.y per cent, in order to pay the same dividend as be¬ 
fore, instead of 12^ percent-., for combined high and low tension 
transmission. The saving iu dollars is quite large, but the total 
costs are so enormous that the saving makes hut a small differ¬ 
ence in percentage. It will similarly he seen that, dilTerences in 
kind of apparatus employed will have very little difference on 
the general results, though the savings are important iu them 
selves. 

It must be .recollected that these result's are based on provid¬ 
ing electric traction for the whole length oi a trunk line. It 
can hardly be expected that the gross receipts for the whole line 
will he increased, say, one-eighth by such an application. It, 
however, the application be made within the radius of suburban 
traffic such an increase is not only probable, but it may la* ex¬ 
pected that tin* cost of operation per passenger mile will be re¬ 
duced in greater proportion than stated, so that the application 
of electric traction will pay from the outset. These considera¬ 
tions will apply to longer distances on railroads like the New 
York, New Haven and Hartford, where tin* passenger business 
furnishes the larger proportion of the income. 

Again, it is possible to accomplish with the electric locomotive, 
results that are impossible with the steam locomotive. The 
power for the former being generated originally in stationary 
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boilers, or in some localities derived from waterfalls, is not 
limited, and the power of the motor can be increased indefinitely, 
so that in particular locations a demand either for greater power 
to obtain more speed, ora greater or more continued tractive force 
than is. now. possible with a steam locomotive, can be met by 
electricity without difficulty. 

On the whole, therefore, although the application to the whole 
length of long trunk lines does not seem practicable under pres¬ 
ent conditions, there is no doubt but that the industry will grow 
in the future as certainly as in the past. 

Mr. (Ji i a rl ks K. St ka r ns (coma muicated) :—T1 1 e ii \ formation 
obtained from the operation of the .Nantasket electrical line, 
during the sum 1 nor of 180*>, was more or less of a general nature, 
as the chief object in view from the standpoint of the railroad 
officials was to demonstrate that an electrically equipped road 
could he operated as satisfactorily in regard to the facility of 
hand Hug large numbers of passengers on time, as a steam road. 

This point was proven beyond doubt, as the railroad officials 
.have expressed themselves as satisfied, after observing the ease 
with which the trains carried the large number of people the 
boat line brought to the trains at Pemberton, the extreme end 
of the line. 

The cost of operating this line during its first season was 
roughly obtained, but the experimental nature of the car equip¬ 
ments was such as to render any figures as to the cost per train 
mile anything but accurate. 

The equipment in the station is no doubt well known; suffice 
it to say, that there were installed two 500 k.w. direct connected 
generators wound for <>00 volts potential; two compound con¬ 
densing (freon engines of about 1,000 me. capacity each, and 
eight return Hue boilers, .18' x 72" diameter. 

The train schedule of duly, 1805, called for 150 trains per 
week day, or an average of 118.1 trains per day, including Sun¬ 
days, and in 1800, 00 trains per day, or, including Sundays, an 
■average of 08 trains per day. In 1805 these trains consisted of 
a sufficient number of cars to accommodate the people, but in 
1800 the trains were limited to 2 cars, a motor car and trailer. 
To accommodate the passenger traffic, extra trains were made up 
and run between the regular scheduled trains. A fair average 
on Sundays would be about 150 trains, and week days 75 trains 
per day. This partially accounts for the difference in the coal 
consumption in 1805 and 180*5, although in 1800 the engines 
were run condensing, while in 1805, non-condensing. 

The line operated in 1805 was 0.80 miles of double track, 
equipped with special trolley wire, and in 1800 the same length 
of trolley line, with the addition of 8.04 miles of double track 
equipped with the third rail. The actual rail laid is about 3 
miles double track, allowing for omissions of the rail at the 
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crossings and stations. The distance from the power station to 
the end of the third rail is 4.75 miles, and to the end of the 


trolley line 5.75 miles. 

The following table, although incomplete, gives some idea of 
the operation of the power station during July, 1895 and 1896: 

July, 1895. July, 1896. 


Hours run. 

1 Ave. Elec. h.p. per hour. 

Lbs coal burned. 

Coal per e.h.p. hour. . 

Ave. trains per day. 

Ave. cars per train. 

Maximum cars per train.. 

Train miles. . 

Passengers. 

Tons passengers.. 

Tons, dead load.. 

Tons total load. . 

Per cent, paying load to dead load 


(>< 5 i 
245 
629,575 
4.24 
148.1 
2.1 
7 

32,803 

267,143 

18,700 

162,089 

180,789 

10.2 


546i 

349* 

571,100 

2.99 

68 

2 


In regard to the third rail equipment : It must he remembered 
that this was in the nature of an experiment, and several defects 
have been noted, which no doubt will be corrected in the future. 

The rail itself is about 100 lbs. section, rolled in the form of 
an angle of 110 degrees, with a standard rail top or surface for 
the shoe. This rail, as originally installed, was bonded with 
cast copper bonds, and further supported by insulating blocks 
placed 7-£' from each end. This was found insufficient, and 
fish plates were put in with a flexible copper bond and the rail 
supported by insulating blocks placed as near the ends as pos¬ 
sible, with aii additional block in the centre to prevent vibration. 
These blocks are about 6 " high, and fit the angle of the rail. 
This rail is not continuous, the grade crossings, of which there 
are several, being omitted, and the train running by momentum 
over them. This was necessary, as the width of some of these 
crossings is considerably greater than the length of the motor 
car. At the stations, also, the third rail is omitted and the over¬ 
head wire used. The installation consists, therefore, of a com¬ 
bination of third rail and overhead wire, the train starting out 
of the stations by the overhead wire and trolley, and running be¬ 
tween stations by the third rail and shoe. 

I cannot say that this plan is very satisfactory, particularly at 
night, when the different crossings are emphasized by darkness 
in the cars. The third rail, as now laid, is alive the entire length. 

It seems to me a question as to the advisability of operating a 
line with a 500-volt difference of potential in a position where 
there is liability of careless persons coming in contact with it. 
One accident has occurred and, although I understand legally, 


1. During July, 1895, power was furnished by the station to operate the Hull 
Street Railway, the average of which was 30 h.p. by separate wattmeter. 
Consequently, the average power for the railroad was 215 H.P. 349 h.p. in 
1896 includes about 40 h.p. furnished the Braintree & Weymouth Street Rail¬ 
way, soythat the power for the railroad amounts to 309 h.p. 
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the public are not allowed on the right-of-way, the liability oc- 
cursof careless parties or workmen coming in contact with the 

tW The" regular steam rail used is 6" high. The third rail is 7 
from the tie. This allows a clearance of 2|" from the pilot of a 
regular locomotive, provided this pilot is up to standard. 1 ll ‘- rc 
ha\ r e been several cases where a locomotive pilot, chain or brake- 
rod on a steam train running over the third rail section, has come 
in contact with the third rail and caused a short-circuit of such 
length that it was found impossible to keep the current on this 
section of the electric branch. This section, I will state, is con¬ 
nected with the power station switchboard by a separate ieedei 
and circuit breaker. In these cases the electric trains have come 
to a stand-still until the steam train was off the section. 

From these considerations it seems advisable to adopt a system 
where the conductor, if of the third rail type, is alive only at 
points where it is actually used, or at least divide the line into 
blocks, so that one train will be in a block at a time. ^ 

The insulation resistance of the pole line m 18ik> was 140 
ohms, or an average leakage of 4.7 amperes. This is on a line 
consisting of 577 Georgia pine poles, the trolley wire being fast¬ 
ened to angle iron cross-arms, which are bolted to the poles by 
two £" through bolts. No insulators are used. On the third ran 
there are about 3,500 points of support. I am sorry to say that 
I have been unable to obtain information as to the leakage on the 
third rail under varying weather conditions. 

A serious objection to the present installation of the third rail 
is the connection by lead covered cables between the ends <d the 
rails at crossings and stations. The surface leakage iron* the rail 
to the lead covering must be considerable, although 1 am not 
aware as to whether it has been measured or not. 1 he outside 
covering of the cables has been found to be very sensibly alive. 

Aside from the use of the third rail or trolley wire I believe 
that more uniformity of load in the station should he obtained by 
the use of storage batteries either on the cars or in the station. 
The extreme demands for power on the line, when 7a trains 
were in service, and these trains heavy, were very noticeable com¬ 
pared with the service of 150 trains per day in July, IK05. 

In conclusion, it seems very desirable to put in a third rail in 
preference to the overhead trolley wire in such a manner us to 
avoid any liability of injury from accidental contact with the 
rail. In other words, put in the rail in blocksan<l then only such 
part as is in actual use to be active. A, method of this kind would 
reduce the leakage to a minimum and place the electric road on 
an equal footing with the present block system of steam railroad 
i*gv 

Mr. Charles II. Davis (eofnmwiuiated):- The subject ot 
“Electric Traction Under Steam Railway Conditions” cun be 
divided into a consideration of 

1. New Hoads to be built. 
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2. Steam Roads to be partially or entirely changed over 

The relative merits of the use of “ Electric Traction ” or 
a Steam Locomotive Traction ” in each of the above cases may be 
considered under the heads:— 

First Coat 

( 1. Fixed (1 barges. 

Total Expenses < 2. Maintenance. 

( 8. Operating Expenses. 

Grosi s* Receipts. 

1. New Roads to me Ihiii/r. 

First Cost .—The cost of right-of-way, stations, terminals, fen¬ 
cing, grading, ballasting and track, will be approximately the 
same in either system. Overhead line work, or third rail and 
feeder system, including track, ground and feeder returns, are 
not required for steam traction and their cost is an additional 
charge against electric traction. The cost of equipment, exclud¬ 
ing locomotive, is in favor of steam traction, as roughly it may 
be considered that the motors and controlling devices or the 
electric locomotive are the items making up the .increase in first 
cost of electric traction. In the first cost of power plants we can 
assume buildings to be nearly the same - several round houses as 
against fewer power houses. The steam and electrical plants, 
including foundations and stack, will not only exceed the cost of 
locomotives and tenders per horse-power, hut in the use of cen¬ 
tral electric stations a greater amount of horse-power must be in¬ 
stalled. This is especially so when lines are very long, making 
it necessary to duplicate the central station, or use sub-stations, 
or both, before it becomes necessary to duplicate locomotives by 
changing them. Should the headway of trains and their weight 
and capacity become similar to street railway practice in large 
cities, then, and only then, would electric power be less in first 
cost than steam locomotives; if the total power required were 
large, this might even result in lower first cost of the entire sys¬ 
tem. 

No attempt has been made to give figures, as each individual 
case must be studied and the difference in first cost determined; 
but it will in general result in favor of locomotive traction with 
f1 1 e exception noted. 

Total Expenses. —1. Fixed (Jharges:—These will be greater 
lor electric traction owing to greater first cost, except in the one 
case mentioned above. 

2. Maintenance:- Ibis subject is too wide to be fully dis¬ 
cussed here; but it can be assumed that permanent way, track, 
car bodies, trucks and other items, the s&me in each case, would 
be maintained at equal cost. I f is probable that the cost of main¬ 
taining the power plant, motors, line, etc., of electric traction 
would exceed the cost of maintaining locomotives, tenders, etc., 
and that the saving due to less wear and tear on track and roll- 
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in o- stock in electric traction would not make up for the differ¬ 
ence. The liability to break-downs in electrical apparatus is 
greater than in steam mechanisms, thus tending to increase cost 
of electric traction, not only on the line, but in the power house. 
Should the headway be decreased, as already suggested, the com¬ 
parative cost of maintenance of electric traction would decrease, 
resulting in favor of such traction, although it may be hard to 
determine the line at which the saving over locomotive traction 
will take place. 

3. Operating Expenses:—Administrative, legal and extraord¬ 
inary expenses can be considered the same; train attendance the 
same, except in the case of close headway and the use of motors 
under each car, in which case electric traction shows a decided 
saving. Terminal, station, signal and telegraph expenses can be 
considered alike in each case. The cost of coal would depend 
largely upon the amount of power necessary to operate a given 
road : for the larger the power and more frequent the trains the 
greater the saving by the use of electric traction. Many central 
stations assumed to produce a horse-power at lower cost than by 
•smaller units really do not, mainly due to the fact t hat so large 
a part of such a station is idle many hours of the day, and, 
although at their maximum point of economy, they are far ahead 
of small units, the question at issue is not “ the cost of a horse¬ 
power at the station,” hut “the cost of a horse-power at the rim 
of the driving wheels.” The cost of this last mentioned horse¬ 
power for electric traction is not only made up of station ex¬ 
penses, hut also line expenses and electrical equipment expenses, 
when compared to the cost of the same horse power produced by 
a steam locomotive. When these facts arc taken into considera¬ 
tion, it is invariably found that the controlling factor is the head¬ 
way of trains; the less the headway the more surely will it pay 
to use electric traction, and vice versa so far as the cost of a horse¬ 
power at the rim of the driving wheel is concerned. 

A general conclusion would be that the question of total ex¬ 
penses depends so largely upon .each individual case that only a 
study of it will enable one to arrive at a reliable result; but that 
with light weights, small capacity and frequent service, electric 
traction can he operated more cheaply than locomotive traction. 

(hum Receipt *.—The question whether the gross receipts of a 
given road will be affected by the use of one or the other power 
under discussion is a most interesting one. Experience shows 
that where an electric road has paralleled a steam road it has 
taken most of the latter’s business at first, but less as time went 
on; and that it created a demand for intercommunication which 
had never existed before—the hulk of the passenger travel corn¬ 
ing from this cause. This is interestingly shown in the argu¬ 
ments of Judge Hall (Vice-President N. V., N. II. & II. Li. ii.) 
and Judge Gager, of Connecticut, before the Legislature of the 
State at its last session. This, of course, refers to passenger re 




340 


ELKG1RIC TRACTION. 


[Oct, 21, 


ceipts only. Freight receipts would nor he affected by the use- 
of one power or the other, they increasing only as tile country 
grows and rates fall, together with better facilities. Receipts 
from express and mails might be materially increased by the use 
of electric traction when giving more frequent service*. It ap¬ 
pears that, the close headway and “ leave at your door 55 service 
of electric roads are the main reasons for their induced travel. 
The question of howhnnch more the travel would be increased 
by the use of electric traction and frequent service is problemat¬ 
ical, for the “leave at your door” service is wanting in steam 
railways as they are, but why not change them { If this could 
be done, past experience and data would give a good basis from 
which to estimate future results. 

The conclusions one arrives at is that for long lines, infrequent 
service, where freight is a largo proportion of the business, and 
where centres of population are far apart, the steam locomotive 
is the only paying method of to-day, as the first cost will be less 
as well as total expenses. The writer has had several opportuni¬ 
ties of determining these facts. What development may brino- 
to electric traction in the far future cannot lie foretold. 

2. Old Steam .Roads to be Partial ivy ok I-Cnti rely (hi anu fi> 

Over. 


First Cost .—What has been said under “ new roads” will ap¬ 
ply, with the additional disadvantage in the use of electric trac¬ 
tion due to the increased first cost arising from the necessity of 
throwing away old steam equipment, either in part or whole" In 
some cases this would be unnecessary, as with large systems 
where existing equipment could be used on that; part where elec¬ 
tricity did not replace steam locomotives. 

Fatal Expenses. Remarks under “new roads” will apply* 
and it would, therefore, appear that unless steam railways can 
change the character of their service to more nearly conform to 
street railway practice, they will he in many cases unable to adopt 
electric traction in place of steam locomotives to their own 
profit. 

Gross Receipts .—What Las been said under “new roads” 
again applies 5 therefore existing steam roads, to increase their 
gioss receipts, must give quicker and more frequent service, and 
must give as near as possible the “leave at votir door” service. 

Concisions.— The writer believes that electric traction will he 
profitable to steam railway systems when some or all of the fol¬ 
lowing conditions are fulfilled, depending upon the special prob¬ 
lem to be solved 11 

1. Steam railway managers must avoid making the mistake 
which took place m the change from horse traction to electric 
traction, namely, of trying to reduce the first cost of changing by 
the use of old methods, material and equipment, which, although 
entirely suited to the old system, proved most unsuitable under 
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the new conditions. The tendency is to repeat this mistake, and 
too much stress cannot he laid upon avoiding it. The old equip¬ 
ment partly made over, the old method of operating, etc., will 
not bring success in the use of electric traction; and if followed 
from necessity, would indicate the strongest argument against 
the change. 

2. Long distance, heavy trains and infrequent service, if a 
necessity, will prevent electric traction being profitable. There¬ 
fore, where gross receipts can be increased by light trains and 
frequent service, thus decreasing expenses as compared to 
steam locomotives, electric traction will prove profitable. One 
of the best examples of how this could be applied is found in the 
suburban service of the Pennsylvania Eailroad out of Philadel¬ 
phia. It is, of course understood, that electric cars can be oper¬ 
ated over the same tracks as trains drawn by steam locomotives. 
A change of system requiring more frequent service for success 
might necessitate one or more additional tracks, which, in some 
cases, would delay the time when a change would be advisable. 

3. Steam railways, where the second condition is fulfilled, can 
better the results where they operate part of the system on the 
u leave at your door” plan. This suggestion may seem to some 
a radical departure, but I commend it to the careful thought of 
those interested. 

Me. IT. Ward Leonard: —Mr. President and gentlemen, I 
have made no preparation, and hence have no remarks to make 
which are very well defined. There is one point that has occur¬ 
red to me in connection with the remarks of Dr. Emery that I 
think worthy of comment, although they embraced so many 
figures it is impossible to speak conclusively off hand. I noticed 
that in the cost of conductors for the low tension portion of the 
system, if I understood him correctly, he allowed $12,000 per 
xnile for the copper, and that the trains were located at about 7-J 
miles apart, and roughly about 500 horse-power to a train. This, 
it strikes me, is an overcharge, as regards investment—about 
$85,000 for copper for a train of 500 horse-power—and naturally 
will make the cost of investment very large against electric rail¬ 
ways. One point that I have always believed in, and that it seems 
to me is likely to be more and more pronounced in the future, is 
that there must be a conversion of energy before we can operate 
the electric locomotive at all, and the question arises as to where 
such conversion should take place. Of course, if we con¬ 
vert our energy and store it, by the use of storage batteries in 
the station or along the line or on the locomotive, we are, in one 
way or another, converting the energy that we are using in the 
locomotive. If we substitute instead of storage batteries in one 
place or the other, rotary transformers along the line, we are also 
-converting. In the latter instance we are adding very greatly to 
the cost of the equipment by the fact that each one of these con¬ 
verters along the line must have capacity not merely for one 
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train, but for the maximum that may get in tlmt section at one 
time. What I wish to emphasize as my belief in the matter is- 
that the conversion must take place, for the greatest advantage 
upon the locomotive itself; that, if storage'batteries are tolbe 
used they should he placed upon the locomotive. I f rotary trans¬ 
formers are to he used they should he placed upon the locomo¬ 
tive. The transmission of power over considerable distances 
should he done by the alternating system, to secure the best re¬ 
sults as regards economy and flexibility, and especially in thecas® 
of long distance work, as regards the convenience of securino- a 
large number of feeding points and thereby reducing the cost"of 
any low tension conductors to a very much" lower figure than'that 
given by Dr. Emery. 

Now the question arises as to what would be the best method 
of operating the motors, and I think there can be little question 
to-day that a continuous current for the motors is preferable to 
the alternating. 11 it be true that, the alternating should be used 
for the transmission, and that the continuous current should be 
used for the propelling motors, and that, rotary transformers he 
upon the locomotive, the cost of conductors then, as regards dis¬ 
tribution, is limited only by considerations such as would pertain 
to any long distance transmission—the possible voltage alone - the 
line. I lie conversion could he as cheaply accomplished on the 
locomotive as alongside of the road. Each transformer, in a case 
where the transformer is located on the locomotive, would have 
to take cai e only of that particular locomotive and train that it 
was intended for, and no margin need he provided to take care of 
additional transformation as would he the ease in transformers 
which were outside of the locomotive itself. 

As regards the question <>l possible methods of gearing, I may 
say that there is one electric locomotive which Inis run some 
‘2,o<)0 miles covering.distances of five and six hundred miles 
straightaway, winch did not meet with any dilHenlty of the char¬ 
acter described by Dr. Emery as to the met hods of gearing and 
connecting between the locomotive and the axle. This is the 
Hexlinanu locomotive, which had, in the locomotive which was 
tested about two years or more ago, a single reduction between 
the motor and the driving axle. There were no coupling rods— 
side rods—on this locomotive. It ran at. upwards of sixty miles 
an no in and no difficulty ol the nature spoken of was experienced. 

. Jut on the contrary the motion of the locomotive was conspicu- 
oii8 by its smoothness and entire freedom from all jar. The 
lleummm locomotives which have been under construction 
since the original tests, and which will he in practical service very 
shortly, have the axle passing through the centre of the motor; 
that is, there is no gearing, but the driving is accomplished by 
the armature being connected to the shaft through a kind of 
spidei—something after the nature of the method of driving 
which we are familiar with by its nse in the Short gearless motor 
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& few years ago. This method of driving will be soon tested and 
we shall then be able to learn whether such difficulties as have 
been pointed out will or will not arise. A thing which I do not 
think enough stress lias been laid on in the comparison, is the fact 
that we have reached what appears to be practically a limit in 
the size and horse power of steam locomotives; whereas there is 
practically no limit, as compared to the present limit, in the horse 
power possible for electric locomotives, and since the thing which 
is of the greatest importance to-day in railways is to secure, first, 
higher speeds, and second, greater hauling power, it seems to me 
that the electric locomotive has a very marked advantage in those 
lines. Take, for example, the steam locomotive which hauls the 
New York Central u limited” and which lias been pretty carefully 
tested between here and Albany. The maximum horse power 
was in the neighborhood of a thousand. The horse power that 
was developed while accelerating the locomotive to its full speed, 
and while the speed was at the rate of about thirty odd miles an 
hour was about (‘>00 horse power. The steam pressure fell very 
rapidly as the speed increased, that is to say, the mean effective 
pressure in the cylinder; and this is a trouble which is met with 
in steam locomotives which will be absent in the electric locomo¬ 
tive. There is a very marked falling off in drawbar pull due to 
the inability of maintaining a high mean effective pressure in the 
cylinder of the steam locomotive which would require consider¬ 
able modification from present types before it can be avoided, it 
being due to the limitation of rapidity of admission of the steam 
and one or two other considerations.* The maximum weight on 
drivers that steam locomotives have, is of course the limit to their 
hauling power, and that very rarely exceeds about 170.000 pounds, 
and with the electric locomotive there would be no difficulty in 
making that weight almost anything desired. In the I lei 1 maun 
locomotives that are now under construction that weight will he 
230,000, and that 230,000 pounds will he effective for a perfectly 
smooth pull. Tests that were made upon the ileilmann locomo¬ 
tive in comparison with the steam locomotive by means of a dyna¬ 
mometer car showed a very marked difference in the smoothness of 
the drawbar pull. The curve of the electric locomotive as might 
be expected, was quite smooth, while that of the steam locomotive 
was very jagged. A ll this of course is very influential with a very 
large load behind, in tending to skid the wheels. One good feat¬ 
ure of the ileilmann locomotive which ought to commend it, if 
it lias no others as some people seem to think, is that it enables 
one to study with great accuracy the electric traction problem. 
The question of speeds and horse power, drawbar pull and all 
such points as that, can he very accurately studied by means of it. 
The cost of a locomotive of that type is necessarily going to be 
considerably higher than that of the ordinary steam locomotive. 
But the hauling capacity is going to be so greatly increased, and 
also its possible speed, that it may have a field which would not 
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pertain to it if it had no advantages in speed and hauling power 
I he Heilmann locomotive is now being finished and will be 
tested so soon, that a great many of these points will soon be a 
matter of faer, and we can secure more reliable data of that na¬ 
ture than we have at present. One point which I think israrelv 
appreciated is this: That tests upon the steam locomotive show 
that the efficiency between the indicated horse-power in the cvl 
inderand the horse-power at the drawbar, which, of course'is 
the efficiency of the machine—the ratio between the horse-power 
at the drawbar and that in the cylinder, for the steam locomotive 
operating at about sixty miles an hour, is between 42 and 43 per 
cent., which, I think, will impress you as quite low. The ex¬ 
pectation in the case of the Heilmann locomotives, based unon 
well known features in the Wilkins engine and in generators and 
motors, assuming 90 per cent, for the engine and 95 percent for 
the generators, 08 per cent, for the conductors and 00 per cent 
for the motors, will give an efficiency at 00 miles per hour of 
some 47 per cent, as the ratio between drawbar pull and indi¬ 
cated horse-power in the cylinder. I think we must all admit 
that the question ot attempting to replace the steam locomotive of 
to-day is an extremely difficult, task for the electrical engineer. 
But it does seem to me that wo should draw out as many' points 
as we can, favorable to electric locomotives, and it does not seem 
to me that that has been done in the remarks of Dr. Emery, 
Mr. (tk:>. S. Stronu : Not being a member of the society, 
I was invited here to-night by the secretary to discuss this mat¬ 
ter from the standpoint of a locomotive man. In doing so I do 
not want to be understood as being partial to the locomotive, 
in tact, I am on both sides, as I am interested in the building of 
power plants for electricity as well as the building of locomo- 
, ave studied this subject from the beginning of the 
electrical operation, and as regards the Heilmann locomotive, I 
might say that I was the first one to build a motor car on the 
of the Heilmann locomotive, and I have had about 
3,20,000 worth of experience in that line. And as regards 
the efficiency, I had an electrician who promised me 95 per 
cent of the power of the engine which was put on the car. 
We had a gas engine which indicated, and gave a brake horse- 
of forty horse-power. The generator was directly on the 
e mit of the gas engine. The motors were directly under the 
car with the wire connections very short—not over ton feet of 
wire in it. f tlunk two mules could have pulled that car faster 
than that forty horse-power engine could drive it. Now that 
l l a fy. ^'Porience with that kind of a motor. I do not say 
at that cannot be beaten by a properly constructed gen¬ 
erator and a properly constructed electric motor under the car, 
>ut it led me to believe that some other method of transmission 

?.LS7 er T° d have & ! ,e originated before the gas motor 
d ever become an efficient motor for driving street cars. 
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Now, as regards the question of the amount of coal necessary 
to drive a locomotive, Dr. Emery gives six pounds as the aver¬ 
age. Mr. Westingliouse has given it as high as eight pounds. 
Dhave tested a number of locomotives that ran as low as three 
pounds. I have a locomotive to-day built, ready to run, on 
which I will guarantee to give a horse-power for two pounds of 
coal. I am ready to undertake to build to-day one locomotive 
or a hundred locomotives and guarantee a horse-power for two 
pounds of coal, on the axle or on the drawbar behind the tender. 

Now when you come to talk about ordinary locomotive prac¬ 
tice and what is possible in locomotive practice, and what has 
been demonstrated as thoroughly practical in locomotive practice, 
they are entirely two different things. Only two weeks ago at a 
meeting of the Railroad Club in this room, this very subject was 
discussed. A paper by Professor Goss was read on the “ Results 
of High Rates of Combustion in Locomotive Boilers,’ 5 in which 
he demonstrated that fully 33 per cent, of the coal in an ordin¬ 
ary locomotive goes out through the stack unconsnmed, that is, 
where the grate area is about 21 feet and where the rate of com¬ 
bustion is rushed up to 225 pounds, as 1 know on some roads it 
is the regular practice to-day to burn 225 pounds per square loot 
of grate area. That is entirely unnecessary, and boilers are run¬ 
ning to-day in this country which are giving ten pounds evapor¬ 
ation from a temperature of 212, on a locomotive, and there is 
no trouble in getting a temperature of 212 on a locomotive. 
There are abundant ways of using exhaust steam to give it, audit 
has been demonstrated thoroughly and practically that the water 
can he heated to that temperature on the engine. It has been dem¬ 
onstrated thoroughly and practically, and locomotives to-day are 
running in regular service that are giving a horse-power on 20 
pounds of water—regular work, every day in the week right 
along. Twenty pounds of water on compound locomotives is 
not out of the way, and it can be reduced down to 17 and 18 
pounds. Now our friend here gives ns for this branch of the 
consolidated road, 2.05 as regular consumption lor electrical 
horse-power in the station. Now, that is with one of the best 
engines—you know the Green engine. That is one of the best 
engines there is in the market to-day. You cannot beat it very 
much when it comes to giving the greatest efficiency for a given 
steam pressure. Now we all know Dr. Emery states in his paper 
that we cannot expect more than 50 per cent, of that on the axle 
from the motor after he had gone through all this immense ex¬ 
penditure to get it there, you cannot get more than 50 per cent, 
on the axle; so that that engine must necessarily have used in 
the neighborhood of six pounds of coal per horse power devel¬ 
oped on the axle on the car. Now to give you an idea of what 
you have to contend with—I am not saying this to discourage 
you at all-in fact I have been through the miff myself ; 
I know how it is to make inventions and how difficult it is 
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to introduce an invention after you have demonstrated that it is. 
all right. If I were to go to the New York Central with a bond 
of a million dollars and offered to save one-half of their coal and 
give them their locomotives if they would give me one-half the 
saving for five years, they would not listen to me; tliev would 
not listen to anybody else. It would not make a bit of differ¬ 
ence. They would say: “If you can give us something cheap, 
that won’t cost anything more than we have got to pay,' we will 
try it; but we won’t spend any more money. This coal bill is 
a thing that is going all the time and might he distributed in 
dividends, but we won’t spend any more money.” That is the 
cry. You cannot go and sell anything that costs any more 
money than they are paying. They want a cheap thing, and 
when yon come down to getting efficiency, that is something 
that they don’t think very much about. Now to give you an 
idea of what you have got to contend with in the'’question of 
handling trains: One estimate here tonight Is 500 horse-power 
as the average for a train. Now as much as ten years ago I took 
a locomotive that I built for the Lehigh Valley road out over 
the western roads. On the Northern Pacific we took a twelve 
car train from a dead stop 10,8 miles in eleven minutes, I indi¬ 
cated the engine myself. She gave a mean effective pressure in 
the cylinder of 70 pounds in making 320 revolutions a minute,, 
and indicated 1810 horse-power on 1,848 square feet of heating 
surface and 00 square feet of grate area, 00 horse-power per 
square foot of grate area and nearly a horse-power for every 
square foot of heating surface in the boiler. That engine, on the 
Fort Wayne road, took a 10 ear train from Fort Wayne to Chi¬ 
cago, making 20 stops and five slow-downs. The running time 
for the whole distance was one mile per minute. She ran from 
a dead stop to a dead stop and made a crossing stop in eight 
minutes with that train, which weighed, including the engine, 
over 500 tons. Now when you have to pick up a load of that 
kind and run with it and stop again, it; requires more power than 
any electric locomotive could give with the same weight. Talk 
about the weight oil the drivers, that engine had all the weight 
on the drivers she could utilize, and she gave a drawbar pull of 
20,000 pounds. An ordinary train does not require to pull it 
after it is started more than a 1,000 pounds to the car, so that 
20,000 pounds adhesion is all any engine can utilize. She would 
slip her drivers in starting. But by carefully starting, she has 
all the adhesion she can utilize. That engine pulled up an 80 
foot grade from St. Paul to Minneapolis, a train of 14 ears 
that weighed on an average of 85,000 pounds a car. The engine 
itself and tender weighed 100 tons. Now that was a drawbar 
pull of 20,500 pounds. 1 took indicator cards, figured the work 
done on the drawbar and it was 28,500 pounds pull on the draw¬ 
bar, which was about one-fourth the weight on the drivers—a 
little more than one-fourth the weight. 
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Now as to the question of. efficiency- Our friend here has 
stated that only 45 per cent, efficiency is obtained in regular 
work. We made a large number of tests extending over a 
montii on the Lehigh Valley road, where we had opportunities, 
with a dynamometer car, and knowing the grade, to figure the 
lifting of the engine— lifting a train a certain distance into the 
air iifa given time—where we got a horse-power for 20 pounds 
of water, by the pull on the drawbar, 20 pounds of water m a 
horse-power hour. The work done and the efficiency, as tar as 
the friction of the engine—the difference between the friction 
of the engine and the indicated liorse-power would not amount 
to more than ten per cent, in that work, at a speed of about bO 
miles an hour. Now these are only pointers. I have not taken 
time to go into an elaborate paper. I simply give you a tew 
facts which I have dug out by bard knocks right on the locomo¬ 
tive myself. Now as regards the question of speed and also the 
question of the even pressure on the rail, I have lately birilt^a. 
locomotive which is so perfectly balanced that at a speed of 
miles an hour you can read a newspaper in the cab. It rides as 
easily as a Pullman car, and the pressure is absolutely the same 
at every part of the .revolution. That engine will do its work 
with the lowest grade of coal that you can buy in the market; it 
makes no smoke, throws no cinders and makes no sound from 
the exhaust Now it meets all the conditions, all the require¬ 
ments that an electric locomotive could meet. The only advan¬ 
tage that an electric locomotive would have over the ordinary 
locomotive would be that it would give an even pull on the 
drawbar, an even pressure on the rail and would not throw any 
sparks or make any smoke. Now the engine 1 speak of can be 
duplicated any number of times for. #12,000. She will give 
2,000 indicated horse-power. She will take 12 Pullman ears 
from Philadelphia to Jersey City in 00 minutes. The same en¬ 
gine has taken from Susquehanna to Ilornellsville an eight car 
train, with eight stops and five slow-downs, at an average ot 01 A 
miles an hour for the whole distance. When you undertake t<> 
beat that kind of work with an electric locomotive, you have got 

a big contract. . 

Mr. A. E Krknelly Mr. Chairman and Gentlemen : l his 
question of applying electric traction to steam roads has been a 
fascinating subject to many of us for quite a tew years, and 1 do 
not think the problem has changed very much in its character 
during the last five or six years, although its limitations become 
perhaps more clearly visible from year to year. 1 be manifest 
success which has attended the introduction ot electric street cars 
where comparatively low speeds are necessary, where frequent 
stops can be made very cheaply, where a car will stop at; any per¬ 
son’s door or at any street corner, has been so marked that it has 
been predicted that the electric locomotive would rapidly trans¬ 
plant and displace the steam locomotive. The conditions are. 
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however in this case so widely different, that I do not think we 
can postulate, at first sight, any such conclusion. So soon as you 
get upon a reserved track, and have to make a high speed, you 
cannot st*»p—you have not the time to stop—it costs too much 
to stop ; then you meet the conditions which are found in exist¬ 
ing long distance ste un roads to-day. For many years this prob¬ 
lem of carrying passengers rapidly and comfortably over great 
distances has been dealt with by steam locomotive engineers, and 
the maximum economy has been long striven for, that existing 
conditions will permit. It is contended that if we could replace 
the steam locomotives of the present time by electric locomotives 
that we could economize—that we would show an economy by 
reason of the saving in fuel. JMow I never saw any engine* that 
it was claimed would produce a horse-power on say two pounds 
of coal per indicated horse-power. I have always understood 
that it took five and six. I will assume that for the present time 
they do take five and a half pounds of coal on an average through¬ 
out the country. The fuel expenses of the roads throughout the 
country are stated in the statistics to vary from r i per cent, 
to 13 per cent, of the total operating expeuses, and we may take 
an average of say 10 per cent, of the total operating expenses as 
covering the cost of the coal and perhaps also the cost of the 
water supply. Assuming that we had some kind friend who 
would take a steam railroad and give us an electric locomotive to¬ 
morrow for each steam locomotive, having the same power and 
being worth about the same amount of money, and also providing 
the plant and conductors whereby that system could be operated, 
we should be able to throw out all the tenders, and that would be 
a considerable saving no doubt. We should save 25 tons or so 
to every train, and that would enable us to haul a larger load of 
freight and carry perhaps a little higher speed with safety for 
passenger service. The difference in coal consumed might 
amount to as much as twelve percent upon the passenger trains. 
It might amount to only three or four per cent, on freight trains. 
But suppose it averaged about six per cent. We should have a 
saving of fuel of about 6 per cent, simply by displacing the ten- 
i ie s ^ eam situated in a central station might pos¬ 

sibly, let us say, generate an indicated horse power on two pounds 
of coal I fancy that it would be safe to allow three, to meet 
average conditions of variable loads. With three pounds of coal 
per h. p. hour at the central station for the transmission svstem 
we should probably expect to develop a horse power hour at the 
shafts of the electric locomotive for about five pounds of coal 
We should therefore be very little better off than we are at the 
present time with good steam locomotives. Even if we succeed 
m bringing the coal consumption down to two pounds per one 
h. p. hour, we could not expect to develop a h. p. hour at the 
locomotive shafts for less than lbs. We should, however have 
-a greatly increased plant, a much larger inspection and much 
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greater fixed charges, and we conld not so far as I can see, expect 
under the conditions of railroad traffic of to-day to see any saving 
effected. 

But the question, fortunately for us, does not lie solely in that 
compass. Economy is not the sole point of advantage in which 
we can expect to increase electric traction. If economy were the 
only factor of passenger transportation, we should never find that 
the passenger steamers which run across the Atlantic would in¬ 
crease their expenses every year by putting more and more horse 
power on board their ships consuming coal approximately in pro¬ 
portion to the cube of the velocity, in order to carry their pas¬ 
sengers over the ocean in a few hours less time. And if it can 
be demonstrated that an electric locomotive can safely carry 
passengers at say 100 or 120 miles per hour, 1 think there is a very 
large field open for the electric locomotive on the lines of high 
speed. It may cost more, but it is very probable that people 
would be ready to spend more for high speed passenger service. 
The conditions at such speed would be so radically different, the 
problem presented would be so different, the number of cars per 
train and the character and style of the ears so different that a 
new problem is presented, and on those lines I think there is a 
future for the electric motor. But on the lines of the present 
steam locomotive and the mere substitution of electricity for 
steam, 1 do not see where we can claim an advantage. The 
schedule time which the steam railroad time tables of the last 
twentv years show us, do indicate an improvement in express 
train speed, but by no means a marked improvement. I think 
that is a tacit admission to the effect that the steam locomotive 
cannot commercially be made to run on existing railroads at very 
much higher speeds than that attained to-day. How far that 
may be due to imperfection in the locomotive as a machine, or 
how far to imperfections in existing track is a more difficult 
question. But if, as we believe, an electric motor can be pro¬ 
duced, making up in lightness what it lacks in drawbar pull, that 
will haul light ears at a very high speed, then I think we may 
safely hope for a great future for the electric passenger long dis¬ 
tance railway. 

Mr. C. F. Ukbelacker:— Aside from the matter of expense 
—not entirely aside from it, but rather a point which brings the 
question of electric traction away from the question of expense 
more or less—is the ultimate capacity of the steam roads for 
freight traffic. As I have been thinking it over for the last few 
days it seemed to me of a good deal more importance than we 
have been realizing. The fact is that three or four years ago 
in 1892, when probably we had the heaviest traffic of any time 
on the steam roads, quite a number of them were operated on 
the verge of congestion. It was a strain all the time to keep the 
freight moving, and particularly to keep the fuel which runs our 
cars here in the East, moving from the West. At that time 




some of the gas managers around this portion of the country were 
looking each day to see where their coal for the next day was 
When things get into that condition it has come to a point where 
we have got to find some method of conveying our energy from 
the coal fields, if that is where we have got to get it from to the 
point where it is consumed, in some more concrete form than by 
hauling fuel in cars. The actual fact is that on several of our 
roads the coal and coke carried amount to a little more than fifty 
per cent, of the total freight tonnage. The removal of a portion 
of the tonnage would, of course, make room for more manufac¬ 
tured products. I think the feeling amongst all the railroads is 
that they do not want to spend any more money; they do not 
want to lay out the enormous investments which' would‘be neces¬ 
sary for them to materially increase their carrying capacity. 
The terminal facilities particularly arc pretty expensive—around 
the City of New York for instance. 1 think it is gettiim nar¬ 
rowed down to a question of what form of transmission we will 
use in order to get energy from flu; coal fields (the main sources 
of power) r.o the point where manufactures concentrate. We 
have several before us. We have heard a good deal about com¬ 
pressed air in the last few months. 1 have been looking it up as 
carefully ns ,1 could, but 1 cannot find very much data about it. 
As applied to street railroads, the best I have been able to find 
was in a letter of Mr. Ira Harris, written to The Railroad Ga¬ 
zette, along in October sometime, lie concludes that air can he 
compre-sed at about six cents per thousand cubic feet of free air 
and that it is going to take to run an ordinary street, car about 
41 i cubic loot of free air pm* mile at the speed we ordinarily 
run. That looked to me very much like about t wo and one-half 
cents a cat mile lor power, and I do not think wo are prepared 
to take power at that rate just at. present. I think a, Iair average 
for electric work would be about a cent a mile. That is what "it 
costs oui road a little under perhaps. I think the conclusion 
so far as com pressed air is concerned, would be obvious under 
those conditions. We have the explosion motor of various kinds 
tiiul descriptions, but there does not seem to have been enoiudi 
progress made in that to tell what the outcome would be if it 
was put in large units. Probably the most promising thing is 
the gas motor, and the distribution of gas for power purposes 
through a piping system. The piping system is not a thing that 
we look on with very much favor as compared to a copper cir¬ 
cuit rather more trouble to keep in shape. If, then, we come 
down to the cjuestion of transmission of the energy to the maim- 
facturing centres from the coal fields by electricity, it would nat¬ 
ure! ly follow that the roads carrying the freight between those 
centies would adopt that power too, and it would come down 
more to a question of what variation we would have to make in 
our present practice to adapt that power to long hauls. The 
first tlung that would strike us is that we could not very well go 
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rat it in tlic hammer and tongs manner that we do in electric rail¬ 
roading. That is, we cannot put in power enough to start the 
whole road at once, if necessary. It is altogether too large a 
problem. The excess of power we would have to provide would 
run into too big a figure altogether—both the excess capacity of 
the line and the excess capacity in the power-house. The only 
way in winch we can overcome that at present is by the use of 
the storage battery. Of course, the nearer we get to the point 
where the power is actually used, with the storage battery, the 
more we save in the capacity of the line and the station, rut¬ 
ting the battery on the locomotive itself we save in the capacity 
•of station and line both, and approximate very nearly the ideal 
line. At the same time we cut down the enormous fluctuations 
which would result from the use of electric locomotives on a 
line where no such provision is made Let us try to imagine 
once the conditions which would exist without such provision for 
fluctuations, if we have, say, five or six switching engines in the 
yard moving around at once, and perhaps the ('hicago Limited 
moving out and getting up speed as fast as possible, and four or 
five locals pulling out of the train sheds. It would take about a 
0,000 horse-power plant, and altogether it would make fluctua¬ 
tions from about ten units that the load of that, plant would be 
depending on. They would he accelerating, shutting off and ac¬ 
celerating again, continually. It strikes me that the ammeter 
would want to give up its job in disgust; in fact, an attempt to 
work with electric power under those conditions I think would 
be out. of the question, and it comes down to the question of a 
suitable storage battery to be used on the locomotive. The stor¬ 
age battery is more or less of a problem in itself, but the experi¬ 
ments up on the Third Avenue Elevated, I think, will demon¬ 
strate what can he done in that direction. The plan they are 
adopting there, is I believe, that, of placing the storage battery 
on the locomotive, and that, I think, will be the solution when 
we come to require a solution of the question. 

Mr. Ki,i as E. It iks :— I have listened with a great deal of 
interest to the discussion this evening. I came too late to hear 
the first part of Dr. Emery's paper, but it seems to me that this 
whole question of Electric Traction Under Steam Railroad 
Conditions might be resolved into three divisions and be con¬ 
sidered under three distinct and separate heads. First, we must 
consider the general question of feasibility, practicability, and 
economy, in substituting electric locomotives for steam loco¬ 
motives as such. That point I think has been already demon¬ 
strated. 

We know that electric locomotives of very large size and power 
are practicable. The best evidence of that fact is that there are- 
to-day in Baltimore electric locomotives of 05 tons weight which 
are hauling the heaviest kind of steam railroad trains, including 
the steam locomotives attached thereto, through the B. & O. It. it. 
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tunnel, day after day. They are, in fact, developing an amount 
of tractive power of which steam locomotives of the same weight 
are incapable; so that the question of feasibility of electric loco¬ 
motion under even the severest steam railway conditions is de¬ 
finitely assured. 

The question as to whether or not the substitution of electricity 
for steam is at present economical depends entirely upon the 
length and character of the railway, its location and upon the 
nature of its traffic. We must accordingly, before we give an 
answer to this question, classify these steam railroads, and pro¬ 
ceed to consider their operating conditions under the two addit¬ 
ional heads alluded to, the first relating to such conditions as are 
found, for example, on comparatively short inter urban railroads, 
•or still better, on the New York elevated railways, where the 
trains move at close headway, where they are comparatively light, 
where the structure itself is reasonably short—being less than U) 
miles in length—and where all the conditions approximate that 
ideal which electricians look upon as the best and most economi¬ 
cal for a railway service in which the motive power is derived 
from fixed stations; that is to say, a system in which the train 
units are short, frequent, light, close together, and in brief, a sys¬ 
tem in which the load is subdivided and, as nearly as practicable, 
distributed evenly and smoothly over the entire line. That con¬ 
dition, I think, is fulfilled very closely by the elevated railway 
systems of this city, and 1 believe all things considered, that the 
substitution of electricity for steam locomotives ought to com¬ 
mence right here under such conditions as those. I am of the 
decided opinion that the arguments against the substitution of 
electric locomotion for steam on ordinary trunk lines, which have 
been brought out to-night by our steam railroad friends, would 
not apply to conditions of the kind that are met with on roads 
like the elevated or on any reasonably short interurban passenger 
railroad. 

Coming now to the third division or heading, which relates to 
and includes the long distance or trunk line roads, I may say that 
we are not at present, generally speaking, in a condition to com¬ 
pete commercially with the steam locomotive. Although spec¬ 
ulations as to the ultimate use of electricity on long distance steam 
railroads have been quite frequent, these have never as yet 
amounted to anything in a tangible way. The steam locomotive 
is admittedly^ quite inefficient as a power producer, using, as has 
been said to-night, from five to six pounds of coal per horse power 
developed, whereas by generating the power at properly equipped 
central stations, using large, efficient stationary dynamos, and 
evenly loaded stationary compound-condensing-engines and all 
the modern coal and labor saving appliances, the energv can be 
produced at two or a fraction over two pounds of^coal per 
horse power, besides effecting a considerable saving in labor. 
The margin of saving in favor of the stationary plant is too great. 
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to be ignored, where it can be turned to useful account. Yet 
there are other features which render it impracticable, under 
'present traffic conditions , to operate, electrically, even moderately 
long distance steam rail ways. In the first place the trains, instead 
of being reasonably frequent, close and light, are few, far between 
and excessively heavy. it has always been the aim of steam 
railroad managers, and not without reason, to crowd as much 
traffic as possible into as few trains as could be consistently run, 
with due deference to the cost of additional train service on the 
one hand and the clamor of the tra veling and shipping public for 
increased facilities on the other, and so long as these conditions 
last and the trains are made heavy enough and the schedules 
separated enough, the steam locomotive can undoubtedly do the 
work more economically. However, I do not believe that the 
limit of substitution of electricity for steam will have been readied 
when we equip a system like the elevated roads or like a short 
surface road connecting two populous cities or towns arid doing a 
very large and frequent local passenger traffic; but am firmly of 
the*opinion that, with the development of higher transmitting 
electromotive forces and more simple methods of conversion than 
those which are now practicable to use, we shall be in a position 
to attack the problem of general electric locomotion on trunk line 
roads. This will be the case more especially when we have 
learned how to build our road-beds and track, so as to permit of 
higher speeds with safety than are possible with steam locomo¬ 
tives. An electrically welded track, free from mechanical joints 
of the present type, will go far to bring about this condition of 
perfection and at the same time diminish the transmission losses 
due to artificial track-bonding that now enter so largely into our 
calculations on line losses and copper cost. It is not so much a 
question of cost as of ultimate construction and operating con¬ 
ditions on these roads. The mere question of economy in coal, as 
has been fully pointed out this evening, does not enter so largely 
into the results to he obtained as to be the controlling factor. The 
consumption of coal alone is only a. small fraction of the operating 
expenses of a road at best, and while saving in that respect is very 
desirable, yet, the absence of it would not keep back the introduc¬ 
tion of electricity, if electricity can show decided advantages over 
the present method of operating by steam, either in speed, safety, 
frequency of train service, cleanliness, lessened proportion of 
dead load of locomotive and train to passengers, improved meth¬ 
ods of lighting, heating and braking, enhanced facilities for hand¬ 
ling and dispatching trains, general attractiveness to passengers,, 
or in any other way. 

Mr. Ren nelly has well said that the transatlantic steamship 
companies have found high speeds to pay even at the expense of 
the well known enormously disproportional increase in coal con¬ 
sumption. We can readily save one-half of the total coal con¬ 
sumed per hour by our modern transatlantic liners by running 
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at a speed only a few knots less ; or, if we desire to economize' 
still further, we can dispense with coal altogether and cross the 
ocean under sail, as our grandfathers did before us! 

If electric energy generated at power stations is ever to be ap¬ 
plied to steam railroad work for long distances, and of this I 
have no doubt whatever, it is, I believe, necessary that such a 
sy terns shall use high tension alternating transmitting currents 
converted at points along the line of way into safe lower-tension 
operating currents, either alternating or direct, preferably "the 
former, and fed to the locomotives in this converted or lower- 
tension form, as I stated in the course of my remarks at the last 
meeting of the Institute. The introduction of electricity upon 
steam railroads will bring about new traffic*, operating and eco¬ 
nomic conditions that are now scarcely dreamed of, and' upon these 
conditions its superiority and commercial success will depend. 

There is, to m v mind, no form of energy yet discovered that 
is so safe, flexible and economical! and so Well adapted for pur¬ 
poses of transmission as electricity, whether it be used for rail¬ 
way or other work. It has, like any other method of power 
transmission, its limitations; but these? limitations are by no 
means as restricted as in the case of other well known transmis¬ 
sion methods with which we are familiar. Nor is there, so far 
as X am aware, any available form of .v/e/w/ or povtahts energy that 
is at all comparable, weight for weight or bulk for bulk, with the 
mechanical energy latent in coal, which latter is now used as the 
source of motive power on steam locomotives, and we cannot ac¬ 
cordingly^ hope for much improvement in this respect. This 
coal constitutes, with the necessary water, tanks and converting 
plant not directly required for tractive weight, a very large per¬ 
centage of the dead load to be hauled over the entire road, and 
contributes largely to the expense of starting, running and 
stopping the train. If, therefore, any advocate of portable or 
stored energy in the shape of coal, gas or petroleum, or some pe¬ 
culiar form of chemical energy, or any other primary generating 
agent, or the discoverer of more efficient methods of converting 
the stored energy of coal into mechanical energy, wen? to come 
to me with claims as to any special merits or utility it may have 
over existing methods as a source of power for railway locomo¬ 
tion, I should, in all probability, advise him, if the conditions 
were at all favorable, to convert his power into the form of elec¬ 
trical energy at a fixed station and transmit it over a small and 
flexible wire to the cars in the form of current, rather than at¬ 
tempt to carry and transform it into motive power upon the train. 
If the amount of traffic on any given steam road can he made 
sufficient to justify the entire equipment of a long distance line 
electrically, the transmission distance can he easily confined with¬ 
in its economical limits by a proper location of generating sta¬ 
tions. In the meantime, there is no reason why portions of the 
lines on which a reasonably continuous passenger service is 
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handled or can be developed, should not be electrically equipped, 
subsequently extending the electric service to other trains and 
thus gradually displacing the steam locomotives. "What we 
need above all for trunk line roads is a sufficiently high trans-. 
Blitting electromotive force and the most simple and efficient, 
type of converters and motors. This much provided, the re~ : 
xnainder will come of itself. 

I will now return again to the conditions as they exist upon 
the INew York elevated railway system. There we find that 
the location is excellent for the economical generation of power 
near the water front, which extends practically parallel along the 
whole length of the line and but a short distance from it, and it 
would be a simple matter to put up two or more generating sta¬ 
tions for supplying the line. That condition is better than would 
exist in the case of most long distance steam roads where facili¬ 
ties for the economical generation of power could not be so 
readily had. In addition we have the advantage of the short 
length of transmission, which renders it unnecessary to use alter¬ 
nating or converted currents of any type. With a proper pro¬ 
portioning of the stations, it seems to me that a direct current 
which is fed to the working conductor at a net electromotive force 
not greater than 600 volts, would do the work; and in that con¬ 
nection it seems to me, after carefully considering the situation 
and conditions, that in order to get the best and most economical 
results on a road such as the New York elevated railway sys¬ 
tem, it would be desirable to supplement the direct line distribu¬ 
tion by means of secondary batteries of comparatively moderate 
capacity carried permanently on the locomotives of the trains. 
At a meeting of the American Institute of Electrical En¬ 
gineers, held as long ago as October 9, 1888, at which meeting 
I had the honor of being called upon to open the discussion, I 
had the pleasure of describing briefly a combined system of this 
kind for the first time, which events since then have proven to 
be founded upon the correct principles. 

This auxiliary battery is preferably to be carried on the motor 
car, which is of the regulation passenger length and may be used 
as a smoking car, and consists of a number of sections which are 
capable of being connected or grouped in series or parallel by 
means of a simple controller switch. The battery sections are 
normally grouped in series with each other but connected in 
parallel with the motors and across the line, when the motors are 
being supplied with propelling current from the line, so as to pro¬ 
duce a uniform load upon the power station and take care of the 
traffic at congested points or points that are likely to be congested 
in the normal operation of the road, by maintaining the working 
potential constant at distant portions of the line that may he sub¬ 
jected to a temporary overload, and by supplying automatically 
any sudden increased demand made by the motors. These bat¬ 
teries, however, would not be used in that sense entirely, but their 
importance is far more wide-reaching, as we shall presently see. 





There is a great deal of energy lost on the elevated railway 
system, for example, in descending grades and in corning to \i 
stop at stations, the stops being exceedingly frequent. The 
grades there are much steeper and more numerous, and the re¬ 
quirements of rapid transit demand more rapid acceleration with 
quick but gradual stops, than in the case of the steam railroads. 

Now then, by dispensing with the steam locomotive and sub¬ 
stituting a locomotive which we will say consists of one motor 
car for the train, the motor car may take the place of the 
present leading car so as to avoid increasing the length of the 
station platforms. This motor-car we will assume is provided 
with four motors placed below the car floor and each geared to 
its own axle so as to give a distributed tractive effect clue to eight 
driving wheels, the force of which is, of course, supplemented 
by the weight of the auxiliary battery, which may be readily 
placed under the seats along the side of the car or carried upon 
the truck. 

The total number of battery cells to each t rain would be slightly 
over one-half of the number of volts on the line, and the cells we 
will assume are divided into four groups or sections, and capable 
of being connected in series or parallel by means of a special con¬ 
trolling switch used in the ordinary operation of the train. Now 
then, when a train is descending a grade or coining to a stop at 
stations, and the current is therefore no longer needed for its pro¬ 
pulsion, the connection between the line ami the locomotive is 
interrupted by moving the controller switch, which operation 
converts the motors into braking generators and also connects 
the battery sections in multiple series or parallel with the motor 
circuit in such a way as to cause the battery to oppose a low 
counter-eleotromotwe force to the charging current, thereby en¬ 
abling the mechanical energy or momentum of the train to he 
converted into electrical energy almost to the point of stopping, 
which energy is absorbed by the battery to be given out again by 
it in the form of useful power whenever required. It has been 
estimated, that of the total amount of energy developed by the 
steam locomotives on the Third Avenue elevated railway, 59 
per cent, of; the power expended on a round trip is used in start¬ 
ing, 24 per cent, in lifting, and only 17 per cent, in traction. 
That means that 8# per cent, of the total power expended upon 
the elevated railway system in this city is consumed on account 
of stoppages and grades, of which nothing is recovered, but on 
the contrary, the waste is augmented by the further use of 
steam to apply the brakes. If we can reclaim only one-half, or 
50 per cent., of this wasted energy by the method described, 
which I believe by this plan is entirely within the range of prac¬ 
tice, it would produce a very great saving in power that could 
not be accomplished, in any other way, and in this manner we 
would get the benefit, by very simple and reliable means, of the 
most economic method of operating these roads that to my mind, 
can possibly be conceived of. 
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Although the cells of the battery are just sufficient in number 
to develop the normal line electro-motive force when the sections 
are connected in series, their size or current-capacity, and conse¬ 
quently their weight, as compared with an ordinary secondary 
battery car equipment, need be but moderate because of the 
almost constant accession of charging current and the compara¬ 
tively limited supply of stored power which this system would 
require, whether for the maintenance of a uniform station load 
and equalization of working potential over the entire system, or 
for emergency use. The storage battery to-day is a far more 
perfect and reliable affair than it was eight or ten years ago, and 
as cells are now made that are capable of standing a heavy emer¬ 
gency discharge without injury, it is entirely practicable to equip 
the motor-car* with reasonably lightweight cells having a capacity 
sufficient, if need be, to not only permit the train to make a com¬ 
plete round trip under full load without any aid whatever from 
the power stations, so as to keep the line going in case of any 
accident or temporary shut down at the power house, but also to 
take entire care of its own train for shorter periods on certain 
sections of the line during the hours of heaviest traffic. The 
battery in such case will have been previously charged during the 
hours of light travel, while grouped in series and connected across 
the line in parallel with the" motors during the usual operation of 
the train, or, in the case of “extra” trains, during the time the 
latter are at rest. This charging process just referred to, relates 
entirely to the “ main ” charging in cases‘where it is desirable to 
run certain trains during busy hours entirely or almost entirely 
by their own battery power, ‘as on branches or portions of the 
line remote from the power station, or on the middle express 
service tracks (which hitter in the case under consideration, it 
might he desirable to leave unequipped with supply conductors 
because of the frequent occurence of switches, crossovers, and 
turnouts,) on which few or no stops are made after the train is 
once under way. In fact, all batteries intended for such service 
would receive their “main” charge during the intervals of light 
travel, while these as well as all the other batteries on the line 
would receive their normal or “maintenance” charge automati¬ 
cally, according to circumstances, from the line or from the 
motors when the latter are acting as braking generators as I have 
already described. Any overcharge of the battery occurring 
under the last named condition, such as might take place on a 
long down grade, during which the acquired speed of the train is 
checked or maintained constant by the conversion of its surplus 
energy into stored electrical power, is of an advantage in that it 
is practically given back to the line when the battery is again 
connected in series, which battery will for the time ^ being act 
much in the same manner as a booster to the line and its feeders 
until it has again reached its normal charged condition. In other 
words, the batteries when arranged as I have pointed out, will nc>t 
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only conserve the energy that is now so largely wasted in the 
operation of the elevated railways by steam or even by any ordi¬ 
nary direct electrical method, but, by continually and automati¬ 
cally giving and taking energy, they ensure a steady and uniform 
electrical pressure over the whole line, and relieve the machinery 
at the power station from in jurious, unequal and fluctuating loads* 
permitting of a comparatively small installation that will generate 
the average load continuously under the most efficient and the best 
possible conditions, a desideratum the importance of which was 
fully and ably dwelt upon in the inaugural address of Dr. Duncan* 
delivered before this Institute last month. For the same reasons* 
as was also pointed out, the cost of feed wires can be very con¬ 
siderably reduced since they are called upon to carry only the 
average load, or I may say less than the average load, since any 
sudden or constant increase of current that may be needed is in¬ 
stantly supplied by the battery of the train at the very po 'nt 
where it is needed and without any additional loss in transmission, 
and since a large part, probably one-third, of the total energy re-, 
quired in the operation of the system is produced and generated 
upon the train itself. 

The employment of an auxiliary secondary battery upon a car 
or train in combination with a line conductor, of which 1 believe 
I was the originator, having taken out basic patents on this com¬ 
bination and method of operation as far back as 1886, has many 
important advantages in addition to those mentioned, that can 
only be fully appreciated when it is given a thorough trial on a 
road such as the one under discussion, where the conditions are 
particularly favorable to a combined system of this character. 
Not the least of the advantages is that aside from its regulating, 
governing and conserving qualities, the battery can be called upon 
in cases of necessity for a very considerable ‘amount of reserve 
energy of its own, independent of any aid from the power sta¬ 
tion or line, a fact that will be appreciated bv the management 
of a railway system which is almost the sole dependence for tran¬ 
sit of over half a million passengers daily, the bulk of whom re¬ 
quire to be carried in the course of only a few hours. As a mat¬ 
ter of fact, all the advantages of both the secondary battery and 
line conductor systems of operation are obtained by this combined 
method, without the defects of either system taken by itself. 
The first cost of the necessary batteries will be less than the sav¬ 
ing effected by them in station plant and feeders alone, while the 
economy in operation will be enormously increased. The battery 
of each train will be available for the purpose of electrically 
lighting and heating the cars independently of continued connec¬ 
tion with the line, fluctuation in voltage being prevented by per¬ 
manently connecting and supplying the lighting, heating and 
other train-service circuits from the separate individual groups of 
cells so that the change from series to parallel connection of the 
battery sections will have practically no effect upon the normal 
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voltage of these circuits. By this arrangement also, a lower and 
more desirable voltage may be used for supplying the lamps, 
heaters, etc., than in cases where they have to be placed in series 
directly across the line. Even the motors themselves may be 
operated, should occasion require, in parallel or series-parallel 
from the batteries. As the battery is a fixture upon the train, it 
does not require removal or handling, and the expensive duplica¬ 
tion of cells for charging purposes required in ordinary secondary 
battery car work is entirely done away with. Furthermore, ow¬ 
ing to the fact that the cells are almost continually kept up to 
their* normal charged condition by accession of current from the 
line and motors, the current capacity of the cells that are em¬ 
ployed can be correspondingly diminished, so that the total cost 
on account of battery equipment can be vastly reduced as com¬ 
pared with that of an independent battery installation in which 
a six to eight hours’ current supply must be provided for.. It is 
needless for me to add that such a system as I have described is 
to-day not only quite practicable for roads like the New York 
elevated, but that it would wonderfully enhance and improve 
the service and facilitate the handling, dispatching and running 
of trains, and this at a very material and almost incredible saving 
over the existing steam locomotive system. 

Mu. F. W. JD Arlington :—In connection with transmission on 
electric roads, it seems to me that two classes of problems have to 
be solved - ordinary trolley systems operating single light cars— 
large trolley systems such as the New York elevated, operating 
trains with heavier cars—and the regular steam railroads. The 
difference between the elevated roads and the steam railroads is 
simply that in the case of the elevated road, it is a large trolley 
road in that it has frequent stops; though not so frequent as on 
the surface, but still the problem in a measure is the same. It 
seems to me that the solution under experiment on the Third 
Avenue elevated road with storage batteries will not produce 
any results directly applicable to the other problems. On the 
elevated road the trains are running under momentum part of 
the time, and part of the time they are accelerating their speed 
as rapidly as possible. For the conditions existing on the elevated 
roads it may be possible to charge the storage battery sufficiently 
during the time of running with momentum, to supply the tram 
with all that it will demand at other times. When you come to 
steam railroad conditions, however, you have the condition lor 
express trains; that power is put on and stays on during an en¬ 
tire run over a section. Take, for example, the New York and 
Chicago Limited” over the Pennsylvania Eailroad ; it runs from 
Philadelphia to Harrisburg without a stop. There they change 
engines and make another long run, and during the time it is 
running, if it is supplied from a central power station electrically, 
the power taken will be practically the same during the whole 
run. This we have demonstrated on the Burlington and Mt. 
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Holly branch of the Pennsylvania Railroad Company j u jfew 
Jersey. They have considerable grades there. We found that 
the indicator on the ampere meter at starting the train would 
jump to a certain point and fall gradually while the train makes 

a run over the entire road (in proportion to the speed at first)_ 

■hut after it gets speed, its maximum speed, the indicator"will 
remain practically constant independent of the grades. This is 
because the speed is varied on the grades, the train going slower 
up hill than down, hut calling for an even supply of power To 
such a problem as this it seems to me the storage battery (while 
at first thought I was struck with the beauty of the solution pro¬ 
posed tor the elevated road) will be of no use however, and one 
other tiling in connection with the work over there that applies 
to the problem of changing over from steam to electricity is the 
ability to get up speed rapidly. The road there is 7% miles loiw 
the last three-quarters of a mile of it are so-called “ yard limits'” 
counting from the Burlington end. The distances "arc all laid 
off by mile posts. Starting out from Burlington, i„ 
six Hides we have obtained a speed of 7*2 miles'an hour 
and maintained it tor three miles, and slowed up again 
so as to have the train under control by the time we reaeheefthe 
yard limits, six miles and a quarter, j am confident, that no loc¬ 
omotive on that division of the Pennsylvania Railroad can do 
that with an ordinary light train and on those grades. Another 
time we started on a two per cent, grade with a train of ears 
making t-lio total train load two and a half times what the motors 
were calculated for, at a point three-quarters of a mile from a 
rnile post which is located at the top of the grade and then prac¬ 
tically level. We made that first mile, from mile post to mile 
post, at. the rate of 48 miles an hour. With these results and the 
ability of motors to start a train quickly, it appears to me that 
this problem of: the substitution of the electric motor for the 
steam locomotive is not, so far off as it has been pictured to-night. 
Of course, the whole problem, so far as ! can see, resolves itself 
into t ie method of transmission of power from the generator to 
the hue This point has not been solved yet. It of course in¬ 
cludes the method of collecting the current: The third rail seems 
to be a good thing if it could I hi used and he safe, hut we have 
made that, <2 miles an hour with an ordinary overhead trolley 
wire with very little trouble. I am very much interested in the 
solution of the problems that are under way at the present time, 
and J think that line being built between 'Baltimore and Wash- 
lngton is going to give us some very practical results in the method 
ot long distance work. In the matter of grades—we must re¬ 
member, m first attempting steam railroad work, that our con¬ 
ditions tor high speed work arc practically the same as for steam 
railroads, in laying out new roads, grades and sharp curves must 
be eliminated if we want to obtain high speed 
[Adjourned.] 
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Discussion Continued in Chicago, October 2*th. 

(Mr. F. E. Drake in the Chair.) 

Mr. II- M. Bbtnckebhoff :—In a general way it may be 
stated, that, the only methods of electric traction that have so far 
demonstrated their ability to perform such work as would be re¬ 
quired on surface steam railroads are some modification ot the 
much abused trolley system. This may take the form of # an 
overhead contact or of a third rail; but the principle of a continu¬ 
es conductor fed from a central station with a direct current ot 
from 500 to 700 volts, is common to all. 

We have an example of the overhead arrangement on a large 
scale in the Baltimore and Ohio tunnel equipment at Baltimore. 
There they are hauling probably the heaviest train units ever 
successfully handled electrically, and are in fact doing the work 
of the largest steam locomotives, under strictly steam railway con¬ 
ditions This, of course, does not allow of the best economy be¬ 
ing obtained, but it demonstrates the ability of electric motors to 
do even this extremely heavy class of work. _ 

In order to supply the large amount of current required on 
this system, the overhead contact arrangement used is necessarily 
heavy, and hence expensive. The cost of this particular form 
must be so high as to make it unavailable for lines of any great 

1CT The’lSr. Y., N. II. and H. R. E., on their Nan task et Beach 
line, have successfully operated an overhead system, the trolley 
wire used being of a pear or figure 8 cross-section, the same as 
that used on Clark Street, in this city. . 

The difficulty experienced here was, I believe, m keeping tiie 
trolley on at high speeds, and that this, with other considerations, 
has proved a drawback is emphasized by the fact that this road 
is now experimenting with a third rail system. a 

Other companies might he mentioned which are running lines 
with a few cars as they say u experimentally. 7 1 hese, however, 

are sufficient to show that a genuine effort is being made by steam 
railway managers to get at the facts as to whether theie is any 
•economy to be gained by the substitution of electricity for steam 

•on some of their lines. , 

In elevated railway work we have the Metropolitan elevatec 
railroad operating a third rail system on about 14 miles ot 
double track and handling 1,200 trains per day. 

The Lake Street elevated has been changed from a steam to an 
electric road, using the same equipment as the Metropolitan. 

The Worth Western elevated railroad, now building on the 
north side of the city, is to be equipped electrically, and the 
Alley L,” now operating by steam, will m all probability fol¬ 
low suit. Thus we will have in the near future the whole ele¬ 
vated railroad system of Chicago run oip a uniform third rail 
plan, giving the finest service of the kind in the world. 
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I have read some accounts of an experiment now being tried 
on the 34th Street branch line of the Manhattan elevated rail¬ 
road in .New York, in which storage batteries are carried on the 
cars to act as an auxiliary to a third rail. The object is, I 
believe, to have the batteries help to maintain the voltage toward! 
the end of the line, haul the cars in case of failure of the main 
power station, and also reduce the sudden loads on the generating 
machinery. This strikes me as an unnecessary complication, and 
I do not see why the advantage claimed could not be gained 
from a stationary battery suitably located. 

Having now run hastily over the various systems that are at 
present in operation, and using them as a basis for our judg¬ 
ment, let us consider what changes or modifications should be* 
made in them to meet the requirements of surface work. 

In the first place, in proposing to install an overhead system 
we are met by the following objections: 

1. The danger to employes and passengers caused by poles 
between the tracks. 

2. The expense of an overhead construction. 

3. The difficulty of maintaining contact at high speeds. 

In the matter of danger to employes, the fact is that in yards- 
where there is often a complicated set of switches, the presence 
of poles placed at irregular intervals would be a great menace to 
trainmen and switchmen in making up trains. Frequently hav¬ 
ing to do the work at night, and being obliged to jump on and 
off the ears at all times, collisions with the poles in these yards 
would be almost unavoidable. 

I have talked with yardmen, switchmen and trackmen, who- 
work about some of the large railway yards in this city, and they 
all seem to feel that the presence of poles would be a source of 
danger to them in doing their work. 

As to the expense of an overhead construction, the difficulty 
arises in supplying the large starting currents required in this- 
class of service. Hot only must the conductor have a large cross- 
sectional area, but the surface contact with the device on the car 
must be large to prevent burning at the points of contact. This 
of course means a heavy pole construction which runs up the 
first cost. 

The difficulty of maintaining contact at high speeds, particu¬ 
larly where crossings must be made, is one which will have to be 
overcome by some radical departure from present methods, such 
as the trolley wheel and pole. 

Some of the objections to a third rail system in surface lines 
are as follows: 

1. Danger to employes, particularly in yards, from the bare 
rail. 

2. Danger to public at grade crossings. 

3. Danger to passengers where platforms are used on a level' 
with the track. 
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1. In judging of the danger to employes, I think we can get 
a good basis for an opinion from the experience on the Metro¬ 
politan elevated, which has been operating a third rail system for 
more than a year and a half. The work we do in the yards is 
practically the same as that required on surface lines ; switching 
and making up trains, etc., much of this having to be done 
quickly and at night. In addition we do such light repair work 
as is required on "the trucks and brakes—removing and replacing 
brake shoes, often with the bare contact rails within a few inches 
of the work. 

I have looked over our accident reports, which are very com¬ 
plete and include every mishap, however trifling, and in the time- 
we have been in operation we have had scarcely any men burned 
or injured by the trolley rail in the yards, and such accidents as 
have occured have been of a trivial nature. 

The danger'to the public at the grade crossings could be elimi¬ 
nated by omitting the contact rail at such points, and providing 
for contact by placing a set of shoes on the passenger coaches, 
and carrying a sufficiently heavy wire through the train to sup¬ 
ply the motors as well as the heaters and lights. 

In this way such crossings as we have in Chicago which range 
from 66 to 80 or 100 feet in width could be spanned without 
losing contact. Additional safety could be gained by having a 
section of the contact rails on either side of the crossing normally 
out of circuit, and thrown in automatically either by the approach¬ 
ing train or by the guard gates. 

3. The danger to passengers could be best eliminated by eleva¬ 
ting the platforms which would have the additional advantage of 
shortening the length of stops, and materially improving the ser¬ 
vice. With our elevated platforms, passengers have no occasion 
to go upon the tracks, and those who do venture, seem to take very 
great care to avoid the “deadly trolley.” 

In a general way I do not see that there are any insurmountable 
obstacles in the way of installing an electric system on surface 
steam railroads following either the line of an overhead tiolley 

or third rail system. . . 

With such experience as we now have, by giving proper con¬ 
sideration to details and the requirements of the service, we 
should be able to design a system that would give very satiscac- 

l^he question whether it should be a third rail, overhead trolley 
or storage battery is simply a matter to be decided by the conditions- 
on the particular system considered, and a careful estimate oi first 
cost and maintenance. 

It is hardly necessary to state that to get the maximum economy 
from an electric installation it would be necessary to change the 
whole method of handling trains on steam roads by breaking up 
the train units. This hauling of a large number of smaller trains 
at more frequent intervals, limits us at present to systems having 
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a heavy suburban traffic where such a change would improve the 
service, besides accomplishing again in the economy of operation. 

That a system of electric traction can be so installed to meet 
the requirements of the heaviest suburban service, I do not for a 
moment doubt. As to whether the gain in economy over steam 
will be sufficient to offset the additional interest charges on the 
cost of equipment will depend upon the local conditions, and the 
judgment and skill used in equipping to meet those conditions. 

I have limited myself in these remarks to such systems as are 
now in practical use and to such lines of work as our present 
apparatus seems capable of handling, and leave to those more ac¬ 
customed to theorizing the wider field of possible future develop¬ 
ments. 

PnoF. Stine: —Have you any data at command with regard 
to the cost of operating the road ? 

Mu. Brin ckerh off :— I am not in a position to give you the 
•exact cost of operating, but it is considerably lower than steam, as 
is shown by the fact that the various railways about Chicago are 
going into the third rail system, such as the Lake Street elevated, 
and other roads that contemplate building. 

Mr. M. Coster:— Mr. Brinekerhoff’s remarks are very inter¬ 
esting. I will state to you what I think will be the future of the 
electric locomotive in this country. I think we shall not see, in 
our time, any electric locomotives applied to cross-country ser¬ 
vice. They will he used chiefly for suburban service—running 
light trains at frequent intervals. 

The advantages of the alternating current motor are going to 
solve the problem. With the polyphase motor, we shall be able 
to carry high tension alternating currents over long distances, and 
change to very low tension for short distances, and so be able to 
use the third or fourth rail with great success. Thus we could 
use a very low potential. I look forward to the time in the near 
future when the alternating current motor will replace the direct 
current motor for street railway work. 

Mr. W . D. Ball:— I would like to ask a question regarding 
the subject before us to-night.—Is cross-country service, or su¬ 
burban service, the exact topic under discussion ? 

Prof. Stine : — The discussion at Hew York took up the whole 
territory, not only urban and suburban, but interurban and cross¬ 
country. Anywhere that we have traffic operated under steam 
railway conditions, the discussion covers. 

Mr. Ball:— I rather agree with the last speaker, Mr. Coster, 
in both positions that he takes, that we shall not for the present 
see the cross-country railroads operated by electricity, and also 
that we shall see some developments from the alternating current 
motor. The great, difficulty has been the trouble in obtaining 
starting torque, and it is a problem which has been worked on for 
three or four years. The General Electric Company, last spring, 
announced that they had solved the problem for street railways. 
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Their idea was to put in a condenser to counteract self-induction, 
changing the capacity of the condenser. This was found im¬ 
practicable, so they put in an extra self-induction, and varied 
that. I have been unable to get any exact data, but 1 believe that 
was the idea. 

As to the problem of interurban service, I have come to the 
conclusion that, according to the present developments, it is im¬ 
possible for us to hope for anything in the near future. The 
best thing we can do, perhaps, is to transmit high tension alter¬ 
nating currents over great distances, and then transform down. 
If we have a perfected polyphase motor and controller we can 
use 40 to 50 volts on the third rails, or we can use rotary trans¬ 
formers and continuous currents. The latter is not simple and is 
expensive. It is necessary to have the transformer nearly the 
size of the original machine, that, is within 50 per cent. We see 
that the transmission systems at present are limited to 50 or 75 
miles, at a voltage of 15,000 to 20,000. Now, if we wish to 
transform this into direct current, we would have to put rotary 
transformers in every 10 or 15 miles perhaps, and transmit at 500 
to 700 volts. Reducing the voltage by a static transformer to 
500 volts, and putting in a rotary transformer would give you a 
continuous current at 700 volts. If we must have a station 
every hundred miles, and. sub-stations every fifteen or twenty 
miles, it is hardly possible to do it with any degree of economy, 
as compared with steam. 

The only point in favor of electricity in interurban service 
seems to me to lie in the abating of the smote nuisance. In that 
way, it would be a great boon to humanity to put in electricity, 
but as to the economy of it, at the present development, I do not 
see how any saving can be worked out, and unless that can be ac¬ 
complished, the steam railroads will certainly not adopt the system. 

For cases like that of the Baltimore tunnel, there is a great 
field for electricity, as well as for urban surface and elevated 
roads. 

I rather lean to the opinion, that for surface. roads the third 
rail system would be dangerous, especially to the ignorant public, 
and that we bad better stick to the small unit and overhead sys¬ 
tem until we get some perfected battery system, but for elevated 
roads it is undoubtedly the best system we have. To sum up, 
the solution for interurban heavy traffic is not found unless it 
be in the direct conversion of coal into electricity, with some 
such scheme as Mr. Jacques’s battery. 

Mb. J. R. Cravath The only place where we can look for¬ 
ward to any immediate invasion of electricity in the steam railroad 
field is in suburban service. There is where the wedge is enter¬ 
ing at present, as we see in the case of the Nantasket Beach road 
which is practically a suburban, or rather, a summer resort ser¬ 
vice. In order to get the advantages of electricity to the fullest 
extent for steam railroad work, the steam road must change its 
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methods of operating by cutting up its trains. Trains must be 
short, not only for tlie purpose of making the operation economi¬ 
cal electrically, as previously mentioned here, but also for the 
purpose of giving the public better service, and more frequent 
service, especially during the hours of light load, and in that way 
competing with the street lines. The latter is going to be (or at 
least ought to be) the very best argument in favor of the use of 
electricity in the minds of steam road officers who are consider¬ 
ing the question. On the suburban service of the Illinois Cen¬ 
tral, we all know the conditions are probably as favorable to the 
application of electricity as on any steam road in this city. Elec¬ 
trical engineers are sometimes apt to think of steam road men as 
too conservative. However, from conversation with them, I 
think steam railway engineers seem to be very much inclined to 
meet electrical engineers half way in this matter. They have 
not, however, found anything when they looked up electrical 
matters which seemed to fit their case exactly. For example, 
suppose the Illinois Central road should decide to adopt elec¬ 
tricity for suburban traffic, what would we have to offer them 
that would perform their service in a satisfactory manner? 
There is the third rail system, but we have not decided yet by 
experiment exactly the best form of third rail or the best position 
for it, or the best way of insulating and protecting it, or the best 
arrangement of it for switches, crossings and other special work. 
That these tilings will be perfected soon there is no doubt, but 
we are not there yet. The overhead trolley for such a system 
as the Illinois Central is considered out of the question, I believe, 
by the engineers of that road, and they are probably right, be¬ 
cause of the large contact necessary for such heavy currents, the 
difficulties of high speed at overhead switches and trouble from 
trolley coming off at high speeds on curves, to say nothing of 
the trouble in switching at terminals. 

I would like to ask Mr. ISrinckerlioff what is his opinion as to 
the best position for the third rail if used on a surface steam 
road—between the tracks, as on the Liverpool elevated and 
jNantasket Beach road, or as on the elevated roads in this city. 

Me. Beinokkeiioff : — That point was carefully considered be¬ 
fore equipping the Intramural and again in connection with the 
Metropolitan Elevated. The objections to placing the conductor 
rail between the running rails are as follows: 

The clearance between the top of running rails at crossings, and 
the underside of the motors, brake beams, etc., is so small as to 
make it difficult to properly support and insulate the contact rail. 
Any part of the running gear or brake rigging falling down or 
even sagging, will short circuit your system with this arrangement. 
Again at crossings, particularly where there are slip switches such 
as we have in our four track combinations, it would be very diffi¬ 
cult to maintain continuous contact. For convenience and safety 
in coupling and working on the truck brakes, etc., an inside rail 
is very objectionable. 
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For the above reasons we have placed our rail on the outside 
of the track, which allows of sufficient height being taken to put 
in a substantial and efficient insulating support, and reduce the 
risk of short circuit from dangling brake chains, etc. 

Me. Chas. L. Brown :—From first appearances the complica¬ 
tions that have arisen on the JSTantasket Beach line seem rather for¬ 
midable. Their presence seems unnecessary on a new line, unless 
they intend it as a purely experimental one. The third rail appears 
to be the future system, certainly for elevated roads; and as Mr. 
Brinckerhoff has shown us, it is in favor for surface roads, on 
account of the danger being less than with the overhead con¬ 
struction. His method of getting over grade crossings is a good 
one, although it is dependent upon the length of the trains, and 
the locomotive or motor car alone would be unable to cross with¬ 
out a trolley. I am firmly of the conviction, however, that means 
will be found to enter station limits and grade crossings with per¬ 
fect safety and without the use of the trolley. In regard to the 
alternating current motor: I noticed that Dr. Duncan recently 
said that after ten years of searching we are still looking for the 
successful single phase alternating current motor for railway 
work. From what we have just heard and from information to 
be obtained in other quarters, we may look to the polyphase 
motor with its lower voltages and consequent less danger, for the 
future development in railway work. In regard to the Illinois 
Central railroad, perhaps, the main difficulty is in securing a suffici¬ 
ently firm overhead contact for the work required; but on the 
whole 1 should say the conditions were ideal for either system of 
electric traction. Referring to the question of torque raised by Mr. 
Ball, there can be no general expression connecting the starting 
and running torque of direct.and alternating current motors. It 
is a question of design, and as the motor referred to by Mr. Coster 
will give at starting from five to six times the running torque, so 
the direct current motor may be so designed as to give any de¬ 
sired relation between the starting and the full load running 
torque. 

The Chairman :—(Mr. F. E. Drake:) Some ideas have occurred 
to me in connection with this proposition, having had some little 
experience years ago in the steam railway line, although nothing 
which could be used as a basis of argument or contention to-night. 
If we suppose a long distance line to be equipped electrically, we 
have a number of features which must be taken care of. These 
lie chiefly in the fact that the trains are infrequent and very 
heavy, and in case we attempt to cut them in two, as is suggested 
in electric practice, I doubt if the railway companies would con¬ 
sent, although in passenger traffic they might rather allow two 
trains of four cars each than those now comprising seven, ten 
and even more cars; but in freight traffic we have the very diffi¬ 
cult problem, for which I can see in electricity no immediate or 
satisfactory solution. 
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A locomotive running under the maximum speed that is usu¬ 
ally attained with a loaded train, requires not less than 1,000 
horse power, perhaps more, so that in transmitting that amount 
of power, not only to that train but to trains going in the oppo¬ 
site direction, the first cost of equipment and feeders must be 
very high. For short distance traffic, I think the electrically 
propelled train is the best any one can imagine. I believe the 
Illinois Central could be equipped with either the third rail or 
overhead wire system. The principal objection to the latter is 
the difficulty of maintaining the contact at high rates of speed. 
I think that contact might be made so that it would not be a. 
serious objection. Perhaps midway between the present trolley 
and the ‘'cross-bow” used abroad, we might find a plan for pre¬ 
venting the slippage we have here. 

The third rail system has some features which are difficult of 
getting around. If you divide up your line into sections, or ac¬ 
cording to the “block system,” you must have automatic 
switches. Here we would meet serious opposition from the loco¬ 
motive engineers, who are seldom called upon to bridge over diffi¬ 
culties of such a character. With a locomotive they are usually 
able to get to a station or siding. Under this proposed plan, if a 
6witch fails, with the train midway between blocks, there is a 
very decided wait—one which would cause much interruption to 
the service, and one which I believe would raise strong opposition 
and protest. 

The feature in connection with steam road practice is the 
heavv freight duty required and consequent power consumed, 
yet for long distances 1 believe the best way to be through the 
polyphase system, or some system of alternating current, which 
could be reduced to a practice which would be applicable to such 
a road. 

Me. Bugg :—I have given this subject very little special 
thought. One remark made by Mr. Brinckerhoff, however, about 
the use of the storage battery on the Manhattan elevated railway 
of New York, attracted my attention. It seems to me that one 
great advantage would be in the reduced cost of the copper in 
the feed wires, because the batteries would take the heavy load 
which would come on the feed wire in starting the train, and the 
feeders would be taxed with a very small load continuously. _ I 
was interested in the remark made concerning the alternating 
current motor. We all know that the alternating current motor 
has had a very bad character, but at the same time it has been 
striving vigorously to live down its bad reputation, and I think 
it is succeeding very well. People are beginning to believe in 
the alternating current motor. 

The matter"of torque seems to bother a great many persons, 
even at this late day. The experience of late has been that torque 
does not enter into the question at all. The alternating gives practi¬ 
cally as much torque as a direct current motor and just as ef- 
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ficiently, so I do not think that we need to be at all afraid of the 
matter of torque in connection with the alternating current motor, 
even where the torque required in starting is very great. I have 
seen polyphase street car motors which would give a static torque 
of five or six times the full load torque, and that, we must all 
admit, is sufficient for practical purposes. 

For train work, a motor is being used now and working on a 
train in a very successful manner, starting easily and giving very 
satisfactory service. 

Mr. Drake :— In your experience what is the highest rate of 
speed recorded? 

Mr. Brinokeriioff :—The highest speed we have attained in 
tests have been 33 to 36 miles per hour, with four car trains and 
two motors. This was with a full standing load. With four 
motors and the same train we have made 38 and 39 miles per 
hour. These figures are from Boyer speed recorder curves, and 
the record showed that the train was still accelerating when the 
current was shut off for the stop. 

The speed that can be obtained is largely a matter of the ratio 
of the gears and the distance you can run. These same motors 
with different gear made 70 miles per hour, I am told, on the 
N. Y., N. 11. and II. R. R. Such a gear would give very poor 
economy in our service, as our runs between stops average only 
2100 feet. 

Prof. Stine:—D o you find that the third rail pits much in 
service ? 

Mr. Bringkerhoff :—No, unless possibly at stations where 
there has been arcing due to bad contact when ice had formed 
from the drip of roof or gutters. Even in these places it is slight, 
and the bulk of the contact rail shows a bright, highly polished 
surface. 

Mr. Drake: —The question of operating in steam railway con¬ 
ditions would not, in your opinion, operate badly on the shoe? 

Mr. Brinokeriioff I do not see anything in this service that 
should injure the shoe, unless the higher speed at crossings, when 
yon are obliged to allow it to drop and then ride up on the con¬ 
tact rail again. We have used for this purpose inclines, with a 
rise of one and one-half inches in five feet, and they act satisfact¬ 
orily at such speeds as we attain, say 35 miles per hour. At 
higher speeds a more gradual incline could be used, thus lessen¬ 
ing the blow on the shoe. 

Me. Coster :— Both alternating and direct current motors can, 
be made to have any reasonable starting torque. So many peo¬ 
ple confound the polyphase motor with the synchronous motor. 
But I want to assure Mr. Ball that we can give him all the start¬ 
ing torque he can use. These motors are now applied with the 
greatest success to cranes in foundries where the work is very 
exacting—where the mould has to be let down very carefully, 
where the crane has to lift a very heavy load and tine motor re¬ 
quires a large starting torque. 
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Mr. Ball:— Are you manufacturers in position to put the 
polyphase motor in the market for street car work, and if not, 
what is the difficulty ? 

Me. Coster: —In street car work there are so many details, 
such as the third rail, controllers, etc. However, the motor is 
there, and the results have been far in excess of our most san¬ 
guine expectations. It has excelled the direct current motor in 
many respects, and 1 think the alternating current polyphase 
motors will be the motors of the future. 

Prof. Stine :—Do you recall any data from the tests made at 
Pittsburgh on the two-phase street car motor '( 

Mr. Coster:—1 only know the Westingliouse Electric and 
Mfg. Co. have made some tests with very satisfactory results. 
We are not quite prepared to furnish data, but I will say that I 
was surprised to see them do so. well. 

Me. Ball: —Why cannot we put in the double trolley and 
use the third wire ? 

Mr. Coster :—This question would be determined by circum¬ 
stances, the same as with the direct current motor. 

Prof. Stine : —1 would like to ask Mr. Rugg it he lias any 
data on hand of their tests ? 

.Mr. Rugg: —I have no definite data on hand; except in a 
general way, they are built for heavy torque, and between five 
and six times the static torque is obtained, the controlling of them 
being easily accomplished. As far as efficiency goes, it compares 
very favorably with the direct current street car motor. 

Mtt. Ball:—I)o you put resistance in series with the armature 
and get it out afterwards '( 

Mr. Rugg:—Y es; by means of resistance we get the starting 
torque. 

The Chairman: —We have had an interesting discussion this 
evening on existing methods of practice here in this country, and 
in some cases, abroad. For myself, I would invite comparisons 
or remarks on some of the other proposed systems, notably, the 
Heilmann machine,—and whether, in the opinion of those present 
the plan of this inventor could be used practically and with suc¬ 
cess in this country. 

Mr. J. R. Gkavath :—I do not like to say very much about it. 
It is hard for me to see where the advantages of such a machine as 
the Heilmann locomotive would come in. It carries its own 
steam power plant, which never seemed to me to be of the best 
design for the work; it also carries its own electrical plant, and 
I also question whether that is the best design for the work ; it 
piles this all on one set of trucks, and employs a small army of 
men to keep it going. Of course there may be some theoretical 
advantages, but I don’t care to say much about it. 

Prof." Stine :—The subject under discussion naturally invites 
attention to the storage battery in relation to the future of elec¬ 
tricity in the operation of railways. As the storage battery 
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situation exists at the present time, such, a relation seems entirely 
out of the question, owing not only to the excessive weight of the 
storage batteries, but to the rapid deterioration of plates, especially 
when these are made light enough for traction purposes. Some 
time since, I had occasion to make what was to me a very in¬ 
teresting calculation with reference to the possibility of the ap¬ 
plication of the storage battery to heavy traction work. I was 
led to do this from results of a purely scientific character, and 
wish to state emphatically at the outset that this calculation has 
no commercial basis at present. 

Some years ago, during an investigation of the storage battery, 
I was enabled to obtain an actual storage of one horse-power hour, 
in 29 pounds of battery. This was under conditions which were 
far from ideal. By reducing the weight of the containing vessel, 
and the dimensions of the battery, and doing away with all un¬ 
necessary electrolyte, etc., the same result was indicated from a, 
gross battery weight of 12 pounds per horse-power hour. This 
is a laboratory possibility, but unfortunately there are some 
questions of an electrolytic character which prevent its having 
any commercial application. On this basis a calculation may be 
made, showing what would be the result of applying such a bat¬ 
tery to the operation of say our best developed express service 
on railways. 

We may assume that the average traction weight on drivers on 
our best express engines is about 80,000 pounds, while the front 
truck carries a further weight of 40,000 pounds. Such locomo¬ 
tives are usually provided with great water and coal endur¬ 
ance. We may take these figures at 13,000 pounds for coal and 
about 30,000 pounds for water; this, carried on a tender weigh¬ 
ing from 30,000 to 40,000 pounds. A locomotive of this size 
will, at 50 miles, per hour, develop about 1,250 horse-power, and 
is in service for about 150 miles at a time. Allowing 50 per 
cent, reserve, this will give four and one-half hours’ service, or a 
total of 5,025 horse-power hours. Counting now 12 pounds of 
battery per horse-power hour, we have a net weight of battery of 
67,500 pounds. This would seem to be just a little under the 
average weight of the tender and its contents. Taking the 
weights of the electric locomotives so far built, it would be pos¬ 
sible to carry this entire battery weight, on the driving axles, 
making the* total weight tractive, unless for reasons of great 
speed, when a leading truck would be necessary. The total 
weight of the battery and locomotive would not be practically in 
excess of the steam locomotive weight mentioned above, (120,000 
lbs*) The gain in weight would he that of 80,000 pounds 
charged up against the tender. 

As to the bulk of this battery, it could be brought within the 
space at its disposal in such a locomotive. In summing up our 
figures, we see that practically little would be gained by using 
the storage battery in place of the steam locomotive, and the en- 
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tire question would hinge on the economy of such a storage bat¬ 
tery installation over that of a portable steam plant. The object, 
however, was to show the possibility rather than the economy. 

To return from the somewhat ideal possibilities to the problem 
that we are actually facing to-day, 1 do not believe that the dis¬ 
cussion is at all ended, when we have considered the relative 
economies existing between the practical steam plants and elec¬ 
tric locomotives supplied from large central stations. There are 
many other considerations which, it seems to me, will eventually 
be important factors in deciding to what extent steam railways 
will adopt electricity. In the hrst place, on a large number of 
railways the best handling of trains does not seem to obtain very 
serious attention. The problem seems to be to get trains through. 
As a consequence, there is a local congestion, especially of freight 
traffic. This greatly magnifies the problem of change to electric 
traction. If the flux of trains could be kept near an average, the 
problem would be greatly simplified, and better management on 
the part of train despatches could accomplish much toward se¬ 
curing this. But if those writers who have written and have 
been competent to express an opinion are to be trusted, railway 
operation will, in all probability, undergo important modifica¬ 
tions, and it is not too much to believe that the shortening up of 
the trains, with an increase in the number of train units, will be 
the tendency. This, of course, will be entirely favorable to elec¬ 
tric traction. 

In spite of all our carefully matured calculations, bearing on the 
question of relative economy, should the financial conditions of 
the country at large greatly improve, these would have less weight 
than we at present attach to them. The coal item is a compara¬ 
tively small one on a large and well-managed system, and our as¬ 
sumptions of what would be the character of electric traction, if 
it were adopted, should be taken with great allowance. 

After all, there are questions of desirability which will add 
weight to those of economy, and experience will suggest modifi¬ 
cations from time to time which may put an entirely different 
aspect on the whole problem. Without being too sanguine, it 
does seem that if a few engineering points were settled soon, that 
electric traction would gain a rather rapid hold upon the rail¬ 
roads of the country. At present, electrical engineers themselves 
are in doubt as to whether polyphase motors have any decided 
advantage over direct current motors. Then, too, the matter of 
contact between the conductors and the moving trains has not 
reached such a stage of development as to inspire confidence in 
its reliability and permanence. A few of these points once set¬ 
tled, we may look for rather rapid progress. 

f Adjourned.] 
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New York, November 18th, 1896. 
lie 110th meeting of the Institute was held this date, at 12 
it 31st Street, and was called to order by Vice-President 
nmetz at 8 n. m. 

lie Secretary announced the election of the following associate 
nhers by the Executive Committee at its meeting in the 
moon. 

Name. Address. Endorsed by 

mkb, Edwin W. Electrical Engineer, W. J. Jenks. 

46 Second Avenue, Chas. A. Terry. 

Newark, N. J. A. E. Kennelly. 

, H. F. Engineer, Wendell and MacDuffie, Max Osterberg. 

813 Havemeyer Bldg, N. Y. City ; Edw. Caldwell 
residence, Washington, D. C. W. D. Weaver. 

c. Geo. W. Electrical Engineer, Chicago City D. C. Jackson. 

Railway Co., 2020 State Street, C. E. Burgess. 
Chicago, Ill. S. B. Fortenbaugh. 

B. J. Arnold. 

aaiTHY, E. I). Electrical Engineer, TheE. P. Little C. R. Huntley. 

Electric' Construction and Supply Henry G. Stott. 
Co., 135 Seneca St.; residence, 451 C. W. Ricker. 
14th Street, Buffalo, N. Y. 

'lab, Martin C. 1729 Madison Avenue, Louis Duncan. 

Baltimore, Md. H. S. Bering. 

H. A. Rowland. 

xj s, Theodore. Tester, General Electric Co., Sehen- C. P. Steinmetz. 

ectady, N. Y.; residence, 1218 H. S. Bering. 
Linden Avenue, Baltimore, Md. Ernst J. Berg. 

Aim, Alexander. Mechanical, Chemical and Electrical H. Doner. 

Engineer, The General Ozone and H. F. R. Hubrecht. 
Electric Supply Co., Suerkade 104, R, W. Pope. 

The Hague, Holland. 

itACK, Chas. F. Engineer, Stone and Webster, Bos- A. M. Schoen. 

ton. Mass.; residence, 62 Forest Chas. R. Cross 
Street, Roxbury, Boston, Mass. Russell Robb. 

?ing, Allen H. Electrical Engineer, Riker Electric A. L. Riker. 

Motor Co., Brooklyn, N. Y.; resi- T. L. Proctor, 
deuce, Stamford, Conn. W. L. Bliss. 
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Woodward, W. 0. 


Wright, Louis S. 


Yslas, Carlos. 


Total 12. 


Electrical Engineer, Narragaiisett C. H. Herrick. 
Electric Lighting Co.: residence, C. D. Haskins. 
21 Arlington Avenue, Providence, F. V. Henshaw. 
R. I. 

Manager, The Carbondale S. G. Flagg, Jr. 

Traction Company, A. E. Kennelly. 

Carbondale, Penn. E. J. Houston. 

Electrician of Railways in Jalapa, C. C. Chesney. 
Jalapa, Vera Cruz, Mexico. H. L. Fridenberg. 

' Wm. Stanley. 


TRANSFERRED FROM ASSOCIATE TO FULL MEMBERSHIP 


Approved by Board of. Examiners, Oct. 14th, 1896. 

Nichols, George P. Partner, Geo. P. Nichols & Bro., Electrical Engineers 
and Contractors, Chicago, Ill. 

Foster, Samuel L. Electrical Engineer, Market Street Railway Co., San 
Francisco, Cal. 

Cushing, Harry C.,Jk. Electrical Inspector, Fire Underwriters’ Tariff As¬ 
sociation of New York, 32 Nassau St., New 1 ork 
City. 

Baldwin, Bert L. Mechanical and Electrical Engineer, The Cincinnati 

Street Railway Co., Cincinnati, O. 


Total 4. 


The Vice-President announced that the evening would be 
devoted to the reading and discussion of a paper by Mr. H. Ward 
Leonard, entitled “ Volts m. Ohms.” The apparatus described, 
had been installed upon the platform, and was shown in operation 
by the author, with the following preliminary remarks. 

Mr. Leonard:— It may be well for me to show the operation 
of the apparatus. I will say in explanation that the apparatus 
was not manufactured for this special purpose, and that the motor 
generator is uot exactly of the best form for this use. The 
windings of the two armature ends are not identical, and the field 
strengths are not the same. The result, therefore, is not quite as 
good in many ways as it would be if they were very much more 
nearly identical. ' There is quite a difference; the voltage is 70 
on one and 120 on the other; but 1 would say that it was loaned 
by the Crocker-Wheeler Electric Company, and will answer the 
purpose sufficiently well to illustrate the performance, so 1 will 
show it as well as I can under the existing conditions. 

If you will turn to Fig. 4 of the paper “Volts vs. Ohms,” I 
will point out what we have here. 1 have marked upon the 
hoard of the machine here the letter s, which is the shunt- 
wound end of the' transformer; and that marked k is the re¬ 
versible end of the transformer; and the motor M is connected, 
as you see. This is the reversing rheostat in the field of the re¬ 
versible machine, which you willnotice is quite large relatively to 
the size of this particular machine. This apparatus would be no 
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larger, however, if it were to handle 100 kilowatts instead of one : 
the dimensions being due to the number of contact buttons more 
than anything else. 

I have here a voltmeter, which is connected across the terminals 
of m, the motor to be driven. I will first start up the shunt- 
wound motor, and when running at full speed I will now adjust 
the rheostat in such a way that the line volts of 125 will be 
opposed by the 125 volts of the armature of m. 

When I close the armature circuit you will see there will be 
no change in the current flowing, and that by the adjustment of 
this rheostat I will be able to make the motor armature go from 
rest to full speed; and not only that, but I can make it go slowly 
in a backward direction, for the reason that the speed of these 
two machines must be always equal, and as soon as the voltage of 
r is higher than that of s, the current will be reversed in this 
loop 1, 2, 3, 4; and the voltage of r being higher than the vol¬ 
tage of the line, m must run in a reverse direction. You will 
notice that there will be no change in the current when I close 
the armature circuit, and there will be no effect upon the arma¬ 
ture of the motor. 

By manipulating this rheostat you can make it go in either 
direction. By turning in this direction (illustrating), the motor 
will run in the direction which is the reverse from its full speed 
direction. In this case the k. m. f. produced by the reversible 
machine is higher than that of the line. By this device I can 
run it backward, but if the motion is to be reversed so as to run 
backward at full speed, it is better to have a reversing switch 
upon the motor armature terminals which would be thrown at a 
time when there is no voltage at the terminals, and then you could 
go backward at full speed as the current through the armature 
would be reversed. 

Now, there has been considerable talk as to whether or not any 
practical amount of energy could be restored to the line by this 
system, and I wish to show that this is done. This ampere meter 
allowing the current from the line, reads both ways from zero. 
Now while running the motor at full speed in that direction, I 
instantly reverse the rheostat, thus. You noticed that when I 
did that, current was restored to the line. The armature reversed, 
and its retardation and acceleration in the opposite direction was 
accomplished by making the armature of m generate useful energy 
which is restored to the line. 
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VOLTS VS. OHMS. 

Speed Regulation of Electric Motors. 


BY H. WARD LEONARD. 

The control of the speed of an electric motor from a state of 
rest to that of full speed is a problem of rapidly growing im¬ 
portance to the electrical engineer. The operation by means of 
electric motors, of elevators, locomotives, printing presses, travel¬ 
ing cranes, turrets on men-of-war, pumps, ventilating fans, air 
compressors, horseless vehicles, and many other electric motor 
applications too numerous to mention in detail, all involve the 
desirability of operating an electric motor under perfect and eco¬ 
nomical control at any desired rate from rest to full speed. 

The most commonly practiced method of controlling the speed 
of an electric motor for such applications at present, involves the 
use of ohmic resistance in the circuit of the motor armature, 
which resistance is varied to control the speed of the motor. 

The use of an ohmic resistance for controlling the speed of an 
electric motor results necessarily in a waste of energy, and in an 
unstable control of the speed. The object of this paper is to en¬ 
deavor to show the advantages, arising from the use of a system 
of motor control having several modifications, but all of which 
involve the idea of controlling the speed of an electric motor by 
controlling the b.m.f. generated in its armature circuit, and with¬ 
out using anv regulating resistances in that circuit. 

I shall consider only the control of a single motor, that is, I 
shall not refer to the control of several mutually dependent mo¬ 
tors by grouping in series and series parallel. 1 shall also limit 
the consideration to that of a continuous current motor. 

Fig. 1 shows the first and simplest form of the e. m. f. system 
of motor speed control. 
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s is an engine or other source of power operating at a practi¬ 
cally constant speed. 

g is a generator. 

M is the motor. 

e is a circuit of constant e. m. f. which supplies current for 
exciting the fields of a and m. 

It will he noticed that the fields of both a and m are indepen¬ 
dent of the e. m. f. and current of their armatures. The field of 
m is practically constant. The field of g is variable from full 
strength to zero strength by manipulation of the controlling 
rheostat o in the field circuit of o. It will also be noticed that 
there is no rheostat in either the field or armature circuit of the 
motor m which is to be controlled. 



Fig. 1. 


It will be evident that by varying the field strength of: ■ a we 
can vary the B. m. f. generated in the armature circuit from zero 
to the full working n. m. f. 

In order to make 1 definite comparisons, let us assume certain 
figures for the full e.'m. f. and current of a. Suppose its full 
k. m. f. to be 250 volts, and its full working current to be 100 
amperes. Also let us assume that the resistance of the armature 
of m is .05 ohms, giving a (PH loss in that armature of 2 per 
cent, of its rated capacity, when the full working current is rtow- 
ing. Let us assume that the full speed under full torque is 500 
revolutions per minute. For the sake of simplicity and because 
it does not affect the practical accuracy of the deductions, let us 
neglect the slight losses due to Foucault currents, hysteresis, fric- 
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tion and the slight ohmic resistance of the rest of the armature 
circuit. 

Suppose that our. motor is to drive a large printing press, such, 
for example, as is used' for printing calico, and that it is required 
of us that we shall drive the press at any desired rate from rest 
to full speed, and that we shall maintain any such intermediate 
speed practically constant even though the torque should vary 
from mere friction torque to the maximum torque of operation. 

Let us suppose that the friction torque is represented by 10 
amperes through the armature of m, and that the maximum 
torque of operation is represented by 100 amperes through the 
armature of m. We have now fixed all the conditions necessary, 
in order that we may determine the exact performance of the 
motor. 

If, by manipulation of the controller c, we allow a slight and 
gradually increasing current to flow through the field of o, the 
b. m. f. at its brushes will gradually rise from zero upward, since 
the armature of a is being constantly driven at its full speed. 
When it is generating one volt at its brushes, a current will flow 
through the armature of g, due to one volt acting through .05, 
ohms, causing 20 amperes to flow through m. If the press be 
under full torque it will not start with this, current. When, we 
have five volts at brushes of g, we have 100 amperes through m, 
and the armature is just about to. start; but since any motion of 
m would cause the development of a counter b. m. f. which 
would reduce the current below 100 amperes, it does not start as 

yet. , . 

As soon as we raise the n. m. F.at brushes of a above five volts, 
the armature of m moves at a rate of speed sufficient to develop 
a counter e. m. f. of five volts less than at g. 

Thus if we have six volts at g, the armature of m will move at 
a rate of speed sufficient to develop one vqlt counter e. m. f. and 
permitting, the flow of the proper current for the necessary torque, 
that is 100 amperes. 

I call attention to the fact.that since the field of the motor is 
constant, the counter E. m. f. is directly proportional to its speed. 

. At full tprque and full speed, the counter e. m. f. would be 
245 volts, five volts being dropped by the passage of the 100 am- 
, peres. through, the ohmic resistance of .05 ohm. 

Similarly if g has 125 volts at its brushes, that is one-half of 
, its full voltage, and the full'torque, current of 100 amperes he in 
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use, the counter e. m. f. of m would be 120 volts and its speed 
would be 120-H245 of its full speed, that is m would run at 245 
revolutions per minute or practically speaking at one-half of its 
full speed. 

Similarly, with one-tenth of the full e. m. f., that is with 25 
volts at the brushes of g, the speed of m under full torque current 
would be 20-—245 of its full speed, that is 41 revolutions per 
minute or approximately one-tenth of its full speed. 

Suppose now while m is running thus at 41 revolutions per 
minute under full torque, the entire load be thrown off, except 
merely the friction the torque current of which we have assumed 
as 10 amperes. 

Instead of five volts drop, due to the 100 amperes through the 
.05 ohm, we now have only 10 amperes through .05 ohm, or .5 
volt drop, and the resulting momentary increase of current through 
m causes slight acceleration of its armature until its counter e. m.f. 
is 24.5 volts instead of 20 volts, which it was under full torque. 

That is, its speed is now under friction load x 500, or 50 

245 ’ 

revolutions per minute. 

Hence we see that when operating the motor at one-tenth of 
its full speed of 500 revolutions per minute, and while under full 
torque, we can throw off the entire load and experience a change 
in the speed of only 9 revolutions per minute. 

Now let us consider the same motor under same conditions 
excepting that it is connected as usual to a constant e. m. f. cir¬ 
cuit of 250 volts, and that the speed is controlled by an ohmic 
resistance in the armature circuit, the field being in shunt directly 
across the line. 

If we are to operate the motor under full torque, we must have 
the full 100 amperes flowing through its armature, and if it is to 
be operated at one-tenth of its full speed its counter e. m. f. must 
be 245--10 or 24.5 volts. This means that we must drop in the 
rheostat 220.5 volts out of the 250 volts constantly impressed. 
By having 220.5-4-100 == 2.2 ohms in the rheostat we can secure 
this condition of affairs. But now we are wasting 100 X 220.5 
= 22,050 watts in tlie rheostat and only utilizing in the motor 
2,450 watts. 

Perhaps the worst feature, however, about the conditions now 
prevailing, is that we have practically no control over the speed 
under change of torque. For example, suppose as before that we 
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now throw off the entire load, leaving only the friction load. 
Under the reduced torque the motor speeds up until its counter 
k. m. f. plus the drop of e. m. e. in the rheostat again equals the 
line e. m. f. When this condition is realized, we have the friction 
torque current of 10 amperes flowing through the resistance of 
2.2 ohms in the rheostat, and causing a drop of only 22. volts, and 
consequently the counter e. m. f. of m must be 250—22. — 22S 

volts and its speed must be X 500 = 456 revolutions per 
1 250 

minute. 

That is, by throwing off the full load, our motor has jumped 
from 41 revolutions per minute to 456 revolutions per minute, 



Fig. 2. 


a change of 415 revolutions in this case as compared with 
9 revolutions in the former case, the change in speed under the 
same conditions being nearly 50 times as great by the system of 
ohmic control as by the system of e. m. f. control. 

Suppose we are again operating at one-tenth speed under full 
torque and therefore have 2.2 ohms in our rheostat. Now let the 
torque increase only 12 per cent, which must be expected in any 
kind of commercial practice. To keep the armature in rotation 
will require 112 amperes, but the ohms in circuit, 2.25, will only 
permit the passage of 111 amperes with 250 volts impressed, hence 
the increase of 12 per cent, in torque will cause the armature to 
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come to rest. In the system oi‘ control by volts instead’ of ohms' 
on the other hand, the speed would only be reduced from 41 rev¬ 
olutions per minute to 40 revolutions per minute which change 
would not be perceptible. 

I have gone thus fully into the detailed figures of the cases 
considered, believing that the radical difference detween the sys¬ 
tems of control can only be appreciated fully by such concrete 
examples as I have given. 

I now desire to call attention to the fact that in the speed con¬ 
trol by ohms, the operator can, by moving the lever of his rheo¬ 
stat, change the volts upon m as fast as he can move his hand. 
This is a frequent cause of burning out of armatures. In the 
case of a reversing rheostat, the instantaneous throwing of the 
rheostat lever while the motor is at full speed would mean that 
double the line k. m. f. would be acting to send a current through 
merely the olnnic resistance of the armature, for the reversal of 
the rheostat switch would cause the line and motor e. m. f.’s to 
act in the same instead of counter directions. 

"When, however, the change in k. m. f. at the motor is due, as 
in the case of Fig 1, to a change of field magnetism, the instan¬ 
taneous throwing of the lever of the controller does not resujt in 
an instantaneous change of e. m. f. at ;m ; for a change of current 
through the field of a results in a gradual although sufficiently rapid 
change of e. m. f. at the brushes of u, and hence the armature of m 
has a chance to accelerate and develop a counter k m. f. which in 
practice will never be greatly different from that impressed. 
Even an instantaneous reversal of the connections of a can bo 
made in ordinary practice without any detrimental result upon 
the generator or motor, because of this appreciable time required 
to reverse the magnetism of a. By various well known methods 
the time required for this reversal of magnetism can be varied 
over wide limits. 

Fig. 2 shows the changes in connections of Fig 1 necessary for 
the operation of a motor whose motion is to be reversed. 

Fig. 3 shows a modification of the general system in which the 
source of e. m. f. is composed of several different generators in 
series with each other and having a system of several conductors, 
upon each of which a different constant potential is maintained, 
so that by connecting the motor armature across different con¬ 
ductors, .different e. m. f.’s are obtainable at the motor armature. 
With two generators and three conductors we can obtain three re- 
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versible, different automatic speeds. Similarly, with three gen¬ 
erators and four conductors we can get six reversible’, different 
automatic speeds. This modification of the system is especially 
suited to the distribution of power in an isolated plant such as a 
large manufacturing establishment. 

I now come to the modification of the e. m. f. system of motor 
speed control in which the substitution of e. m. f. for ohms in 
the motor circuit for the purpose of controlling its speed, is most 
conspicuous. 

"We found, when considering the case of the rheostat control 
with the motor running at l-f-10 speed and with 100 amperes 



through it, that the rheostat liadjto absorb and dissipate 100 am¬ 
peres X 220.5 = 22,050 watts while only 2,450 watts were util¬ 
ized in the motor. 

As has been shown, this loss in the rheostat is troublesome, 
not only because of the waste of energy, but especially because 
of its interference with all positive control. 

Evidently what is needed is to substitute for the rheostat a 
device which will absorb tbe 220.5 volts and 100 ampei’es, and, 
instead of wasting them, convert them into useful work. 
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Fig. 4 show’s how this is accomplished by one modification of 
the e. m. f. system of motor speed control. 
g is a source of 125 volts constant e. m. f. 
s is a shunt-wound dynamo connected across the constant 
e. m. f. and hence running at a constant speed. 

r is a dynamo mechanically connected to drive or be driven by 
s, and running at a practically constant speed. 

The field of r is excited by the main line e. m. f. and is inde¬ 
pendent of the e. m.f. of its armature and of the current through 
its armature. It has a variable and reversible field rheostat in 



circuit by means of which the magnetism of the field of u may 
he varied and reversed at will. 

m is the working motor. Its armature is in series with the 
armature of r across the line. Its field is excited by the main 
line e. m. f. and hence is independent of the e. m. f. or current 
of the armature m. 

Let us suppose that the armature of s is wound for 125 volts 
and 100 amperes. The armature of r for 125 volts and 100 am¬ 
peres, and the armature of m as in the former illustration for 250' 
volts and 100 amperes. 
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I will neglect the armature losses for the sake of simplicity f 
and because they do not materially affect the conclusion. 

Suppose that as before we want to run m at one tenth of full 
speed under full torque, full speed being 500 revolutions per 
minute and corresponding to 245 volts counter e. m. f. and full 
torque being that due to 100 amperes in the full field. 

At first let us have the rotary transformer rs so adjusted that 
the fields of r and of s are both fully excited. Each end takes a 
slight current through its armature. Both ends are motors, and 
they divide between them the friction load. 

Now let us weaken the field of r until its field strength is only 
nine-tenths of its full strength. In this weaker field, r tends to 
run faster; but in doing so it is obliged to drive faster the arma¬ 
ture of s, whose counter e. m. f. has been almost equal to that of 
the line. 

The dynamo s now acts as a generator and has two paths open 
for its current, the first being the circuit through the generator a 
and the other path being in the closed loop through r and m. 

The e. m. f. of q balances that of s, but the e. m. f. of r which, 
formerly was equal to that of g and also that of s, has been re¬ 
duced by the weakening of its field, hence s sends a large cur¬ 
rent through the local circuits 1, 2, 3, 4, causing a large torque in 
the armature of m, in its constant field, m evidently will run at 
a speed such that its counter k. m. f. plus that of r equals the 
line e. m. f. 

Expressing the conditions in figures under the assumption 
made, there will be upon the terminals of m, 25 volts and through 
its armature 100 amperes, that is, a total of 2500 watts in the 
armature of m. The armature of r will have 125 — 25 = 100 
volts and 100 amperes or 10,000 watts, and the armature of s will 
have 125 volts and SO amperes, that is 10,000 watts 

The generator g produces '20 amperes at 125 volts or 2,500 
watts, which, by the method described, is transformed into 25* 
volts and 100 amperes at the working motor. 

By continuing the weakening of the field of r, we finally have 
a field of no strength, and hence r becomes inert and we have- 
the full line e. m. f. of 125 volts upon the 250-volt motor m,. 
which, consequently, runs at half speed. Under these conditions 
no energy is transformed by the rotary transformer rs. If, now,, 
we reverse the connections leading current to the field of r, and 
send a gradually increasing current around its field, its voltage is. 






5)86 


LEONARD ON MOTOR REGULATION. 


[Nov. 18, 


added to that of the line instead of being counter as heretofore, 
until finally its full voltage of 125 being added in series with the 
line e. m. f. of 125 volts we have upon m, 250 volts and it runs at 
its full speed. While r is thus adding to the line volts, it of 
course is acting as a generator instead of a motor, which it for¬ 
merly was, and is now driven by s, which acts as a motor instead 
of a generator. 

I call attention to the fact that the current capacity of all three 
armatures, k, s and m, is equal, but the full k. m. f. of u and s is 
only half that of m, which means that the k. w. capacity of it and 
s is each only half that of m. 

The rotary transformer it can also be designed to run at much 
higher speed than is demanded for the working motor, since it 
can be perfectly balanced, and is free from any side or end 
thrusts and has a minimum friction. 

There are other modifications of the k. m. f. system of motor 
speed control which I am not able to describe at present, but as 
in the case of those described above, the underlying feature is, 
to insert or cut out rc. m. f. instead of ohms in the armature cir¬ 
cuit of the motor when we wish to change its speed. 

Since many have thought this system of motor speed control 
limited to a few peculiar cases, and also limited to peculiar kinds 
of generators and motors, I give in the table below, instances 
within my own knowledge, showing the kind of machinery 
operated and the size and make of the motor used : 


Kind of Machinery Operated. 

. 

Size of Motor. 

Maker of Motor. 

Traveling Cranes. 

1 k*. W. to 50 K. \v. 

Crocker-Wheeler, Eddy, Edison, 
Wadddl-Kntz, MUherg, V. iff C„ 
Westinghonse. 

Passenger Elevators, 

5 tv. W. tO 40 K, W, 

Edison, Kiekemeyri. 

Mining Hoists, 

(OK. \V. tO 125 K. W. 

C. iV C., ('rocker-Wheeler. 

Turrets on Men-of-War. 

25 K W, 

General Electric. 

1 Billet Shifter in Rolling Mill, 

30 K. W, 

Crocker-W heeler. 

Heilmann Locomotive, 

8 of 50 k. w, each. 

Brown, 

Cloth Printing Press. 

»S K, w. 

Edison, General Electric, 

Newspaper Printing Press. 

50 K, W. 

Unknown. 

Universal Boring Machine, 

5 K. W. 

Unknown, 
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Discussion. 

Mr. Gr. S. Dunn :—This method of control is so perfect that it 
ought to be developed so as to be applicable to most of the prob¬ 
lems we have to deal with. What has stood in its way has been 
high first cost. The method that Mr. Leonard has shown to-night 
is important because of bringing the first cost of extra or regu¬ 
lating apparatus down one-half. He has indicated how the cost 
can be still further reduced by running the motor-generator at a 
high speed, which is permissible because it is not in connection 
with any other machinery. I desire to point out that even a 
further reduction of cost can be made if there should be demand 
sufficiently great to warrant the design of special motor-dynamos. 

Where control is needed, the work is usually intermittent. If 
advantage is taken of this fact, a motor dynamo can be designed 
small, whose sparking limit of load is much out of proportion to its 
heating limit. This will permit it to .handle the currents deman¬ 
ded without sparking, while, on account of the intermittent 
character of its work, it will not become too hot. For a given 
output, machines of this type could be made considerably cheaper 
than the standard machines which now have to he used. This 
would bring the method of control very much closer to general 
usefulness than now, and I do not doubt before very long, such 
special motor-dynamos will be put on the market. 

Dr. 0. T. Hutchinson: —I think we will all admit that the 
method of control exhibited here is very pretty. I am quite sure 
no motor armature can be controlled quite as nicely by any other 
method; but, as Mr. Dunn has just suggested, the whole question 
of its practicability is one of cost—not first cost, to my mind, but 
cost of operation.' I doubt very much if the cost of operation of 
the apparatus of this kind can be brought down as low as with 
the more usual method of control. .Every time this matter has 
come up before, I have taken the position that this is the least 
economical method of operation, and I am still of that opinion, 
i saw Mr. Leonard’s paper a day or two ago, and to get an idea 
of what was being done I have examined some of the plants in 
the city running with this general method of control, not pre¬ 
cisely similar, but on the same lines as Mr. Leonard’s method; 
■and of one case in particular —that of the "New York Clear¬ 
ing House plant—where an elevator is running on this plan, I 
wish to speak. Here there are four small sidewalk elevators 
used for bullion, and having a direct rheostat control in the 
armature, and one large passenger elevator with this motor- 
generator control. To run this plant there is an engine con¬ 
nected directly to a large dynamo of 50 kilowatts supplying 
merely the power circuits, and not the lights of the building at 
all. A large part of the time only the one passenger elevator is 
in use, and to run it there is the engine and large generator 
driving a motor, winch in turn drives a generator with variable 
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field; this in its turn drives the hoisting motor: that is, a series 
of five pieces of machinery—one engine and four electrical 
machines are used for one elevator. When I was in the building 
nothing was running but the passenger elevator, and the five 
pieces of machinery were in use to run that one elevator. The 
generating set has to run whenever the building is open, say 
irom eight o’clock in the morning until six o’clock at night. 
That is, an engine of 75 h. p. with large generator runs 10 or 12 
hours a day, most of the time doing nothing but friction work,,, 
but standing ready to supply power to the elevator whenever 
required. I venture to say from observations that I made, that 
the ratio of work done on the elevators to the waste caused by 
the friction of the generator turning all the time is considerably 
less than one-tenth; the all-dav efficiency cannot possibly be ID 
per cent. The claim is made for this method of control that the 
power required in starting the car is very much less than it is 
with rheostat. Judging from my observation of the same plant, 
this is not true ; it is directly the reverse. The generator was. 
running on a 230-volt circuit; in starting, the earirequired from 
100 to 110 amperes, say an average of 105, at 230 volts, about 25 
kilowatts, with zero volts on the hoisting motor at the start; 
after that, current hung in the neighborhood of 100 amperes for 
a little time, and gradually ran down to 40, which seemed to be 
about the average current for hoisting. In stopping, the current 
fell from 40 to zero, and reversed for a second or so. in starting 
down, the current went up to over lnO amperes at first, and 
fell gradually to about 60 where it lingered for a while and then 
gradually fell. On starting the elevator up, the voltage fell from 
230 to 190; and on stopping, it ran up above 250; on starting- 
the elevator down, it fell to about 180 and then ran up again to 
250 on stopping. In other words, the range was from 180 to 250, 
or 70 volts. It is this irregularity that necessitates the separate 

f enerator for power, with another running alongside of it for 
ghts. The power required to start the car is much greater than: 
would be required to start the same car with rheostat control. 
There is no difficulty in starting such a car with a 75 per cent, 
increment over running power, and possibly with less. The* 
starting and stopping of this elevator is extremely pretty ; but. 
the speed is not high, and the acceleration is very slow, and I 
doubt the practical value of it. 

Another case is the Fahys Building in Fulton Street. In this- 
the plant is arranged differently ; there are three elevators and 
three separate generating sets, each comprising an engine and 
generator, driving a car motor, the field of the generator being 
varied. Here they run from, say, eight or nine o’clock in the 
morning to five or six o’clock in the afternoon—three engine sets 
turning around idly from morning'till night. Some tests of this 
plant have been published. These show a friction card of about 
five h. p., i. e. } about 50 h. p. hours of wasted work per day. The 
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average total power required for hoisting was about 12 h. p. ? 
leaving 7 h. p. for the net work on the elevator. It is improbable 
that power is used for more than one hour daily in the aggregate : 
this makes 7 h. p. hours used usefully, as against 50 h. p. hours 
wasted,—an efficiency of 12 per cent. 

Another plant on exactly the same lines is in the Sampson 
Building in Wall Street, where there are three separate sets, each 
with engine, generator and motor for three elevators. 

I am sorry Mr. Leonard has not given us any results of 
operation. I would like very much to have him give some figures 
which would give some slight idea of the engineering feasibility 
of the thing beyond the mere illustration of the method of control. 

Mr. F. A. Pattison: — I am in the same condition of mind as 
Dr. Hutchinson. 1 have always admired very much the great 
facility of control shown by this method, but have never been 
able to dissuade myself from the opinion that it is a very expen¬ 
sive plant to operate. 

It was my good fortune to be able to compare, under very 
favorable circumstances, the running of the different motors with 
practically the same load in the Clearing House building in this 
city, one under Mr. Leonard’s system of control—the main ele¬ 
vator, and the other with a load of coin said to be about the same 
weight, operated by the usual method. This comparison showed 
that the elevator operated by Mr. Leonard’s system required very 
much more current for a round trip than the coin-lift operated 
under the general method. 

Another plant that I was interested in was that of the Neio 
York [Jerald. But here, instead of having an engine to drive 
the generator, we had a motor connected with the street current. 
It was found that in order to cut down the expense it was advis¬ 
able to have a switch inserted, so that when the elevator was not 
in use, this switch would be thrown and the current cut off. Tins 
was done in order to cut down the bill for simply running the 
machinery, that is, when it was doing.no work; and to this day 
the elevator is operated in that way. When the elevator boy 
wants to use the elevator, he rings a bell and the current is thrown 
on in the basement, and it pays them to operate it in that way 
rather than to keep this machinery running while doing no work 
and paying the bills on the meter basis. 

Mr. James Burkic I am interested in this question from a 
historical standpoint, and have investigated as to when this method 
was first used; the result may be of interest. 

In 1886 a system was in use in which an Edison dynamo was 
used as a generator, and a 30 u. v. motor was operated therefrom, 
the starting and variation in speed of the motor were controlled 
by the strength of field of the Edison dynamo. ■ 

* In is79 a system was in use in which the speed of the motor 
was controlled by varying the voltage of the generator supplying 
this motor; the voltage of the generator in this instance was re¬ 
gulated by varying the speed of the engine driving it. 
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In 1877 a system of control was in use in which the speed of 
the motor was varied by operating from two generators, the 
voltages of which were worked in series after the motor was under 
way. 

In 1871 a system was in use, in which 200 cells of battery were 
utilized for supplying current giving nearly 400 volts. The 
motor was started by first connecting it across a few of these cells 
and then gradually switching in more cells until finally the whole 
number was working in series. 

In 1872 pumps were operated in Hew York by electric motors. 
The motors were supplied with current from batteries so arranged 
as to connect more or less of them in series as the conditions of 
operation required. 

In all the instances above referred to, the speed of the motor 
was controlled by variations of the voltage of the supply circuit,, 
instead of by using resistance in series with the motor. Thus the 
control was by voltage rather than by ohms. 

Mr. Charles TL Stkinmetz : — There are two features mentioned 
in this paper and inherent to the method, which have not yet been 
fully brought out. The one is the very gradual and easy start 
which may be made, irrespective of all questions of efficiency, 
which is of great advantage for passenger elevators—not so much 
for freight elevators. I remember a number of instances where 
this system was installed for first-class elevator service in order to 
get a gradual and easy start.. 

Another feature of the system is the ability to control the 
speed perfectly and to maintain it constant at a very low value, 
irrespective of variations of torque. This is a very important 
matter in certain instances, as for printing presses and so : on, 
where it is necessary sometimes to run at very low but constant 
speed, which is not possible with rheostatic control, since by 
rheostatic control for very low speed, say 10 per cent, of full 
speed, the speed fluctuates excessively even for small variations 
of load. 

Where a speed variation of only 25 per cent, or so is needed, 
it can generally be accomplished by controlling the motor field, 
but very wide ranges of speed cannot be covered thus. 

In these two cases it is not so much a question of economy or 
of efficiency, nor of the first investment or the cost of operation, 
but the necessity of securing a method of very gradual accele¬ 
ration, or a constant speed irrespective of torque at a very low as 
well as a high value of speed. 

Mr. li. T. Lozier : — In operating large printing presses one 
other consideration is to be taken into account, and that is the 
enormous starting torque that the press requires. When it m 
new, it sometimes requires as much as five times as high as the 
running torque, and I do not think that with Mr. Leonard’s sys¬ 
tem of control it is possible to provide for that starting torque. 
So for printing press work, it would be necessary to supply some 
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mechanical method for what is known as “ slow motion/ 5 and 
which might also be employed as leverage to overcome the heavy 
starting torque. 

Having such device it would hardly seem practical to have an 
independent engine and generator, and throw a load on the engine 
of 3 or 400 per cent, momentarily—supposing that this starting 
torque is necessary for that purpose—it would seem that this 
mechanical slow motion might be accomplished at a ratio of 20 to 
one. Then some form of rheostatic control in conjunction with 
that slow motion would seem to serve the purpose. 

If it were not for the high starting torque 1 should say that the 
Leonard system for large printing presses was an ideal method ; 
providing* of course, people are willing to pay the additional -first 
cost, because the printing presses when once started run at full 
normal load, and the generating apparatus is again working at its 
highest efficiency., 

One thing 1 have found in printing press work, and that is that 
all the presses will strike a mean load, so that taking the normal 
rating of the motors you will find that the load on the generators 
is fairly constant at perhaps 60 percent, of the power required, if 
all the*presses were running at once at their, full capacity. 

Mn. william Elmer, Jr.:—-I t strikes me that the last speaker 
has confused starting torque with it. p. I do not think the h. p. 
required from the engine is anything like the amount which he 
seems to have in his mind- The starting current may be large, 
but if the voltage is small, the power is also small. 

Mr. II. T. Lozier: -Hoe Co. are unable to start a sextuple 
press, if I am not mistaken, with a 12-inch belt, but they first 
start it through their slow motion mechanism running with a five 
or six inch belt. The 12-inch belt drives the main shaft 200 
revolutions; the slow motion is 10 revolutions. The long train of 
gears, ink rollers and the type plates setting down on the blankets 
form an enormous resistance to overcome in starting. The start¬ 
ing torque is of short duration, really a peak if you should diagram 
the load. 

I know of one instance where the Leonard system was used on 
printing presses, and abandoned on account of the excessive 
starting loads of the press. Rheostatic control is now used in 
that particular instance, with a separate belting system, and 
operating through mechanical slow motion. 

Mr. Leonard: —In reply to what has been said, I will say it is 
no doubt true that conditions can be obtained under which this 
system would be absolutely worthless. These conditions exist in 
such a plant as that of the New York Herald ^ which has been 
cited. They apparently also exist in the case of the New York 
Clearing House, also referred to. To take an elevator that is 
to be operated once or twice a day, and that has no desirability 
of high speed nor control, and with very short lift, such as the 
. Herald which is extremely short, and to attempt to apply a 
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method whose chief virtue, if it has one, is the susceptibility of 
perfect control at high speed, is of course, creating conditions 
which are the very best possible to make the method worthless. 
I do not know anything about the Clearing House elevator, for I 
never saw it. For instance, if the motor generator is installed for 
the purpose of running an elevator in a low building, such as the 
Herald building, it will almost invariably be the case, unless the 
system has such advantages as regards the perfection of operation 
and control and freedom from accidents and repairs, as to make it 
of comparatively slight importance whether ten or fifteen dollars 
more per month is paid for coal, that no such motor generator 
should be installed for running an elevator. 

In a large office building it is always more economical to produce 
your own electricity for lighting by an isolated plant, and when 
a plant is installed for that purpose it should be used for the ele¬ 
vators, but not with separate engine for each particular generator, 
with cut-off varying from zero to full load of the, engine. That 
is such bad engineering that you cannot expect to gain results 
from any system under such conditions. But if an office building 
be equipped with this method of control for the elevators, with 
perhaps two engines so arranged as to have directly coupled be¬ 
tween them, on a shaft joining them, the necessary generators to 
take care of the lighting and elevators; for example, one gene¬ 
rator for lighting and perhaps three for the elevators, which 
would be a common plant; four generator armatures mounted on 
one shaft with an engine on each end and with a coupling between 
the engine and shaft at each end and perhaps a coupling in the 
centre of the shaft; the lighting generator supplies the necessary 
•current for exciting the fields of the elevator generators and for the 
field of the motors driving the elevators, and you are ordinaily pro¬ 
ducing your energy then in one cylinder, and your other engine 
can be made available to work in conjunction with the first, or you 
can split your plant in the middle and have two generators on each 
engine. Under conditions of that character this system would show 
most valuable results. The best indications of what results may be 
obtained if the load upon the engine be reasonably constant, is in¬ 
dicated by the fact that in the" case of the elevators that have 
been cited in the 'Fahys Building, in which there is an individual 
engine for each individual generator, the maximum power in 
starting is about 12 h. p., and the running h. p. at full speed is in', 
the neighborhood of about 15 h. p.; the coal bill for a month for 
running three elevators and for all the lighting in the building is 
40 tons of pea coal per month. That figure 1 think will compare 
favorably with the lighting and elevator service in any other 
building in the city, and yet the conditions of the use of the 
method of control for the elevators are extremely unfavorable. 

The figures which Dr. Hutchinson cited I cannot answer, be¬ 
cause they appear to me to be due to such unusual conditions, 
that there is some explanation for, which can only be known to 
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himself. The idea of a generator being run by this system from 
180 volts up to 250 volts is simply due to conditions that are in 
some way ridiculous and are no part at all of this method or sys¬ 
tem, and have nothing at all to do with it. I do not know the 
plant that he speaks of, and I do not know the causes leading to 
the results which he lias stated, if they be as he has stated them. 
But, of course, this thing has been discussed before, and we know 
his views in regard to this system and lie knows mine, arid not 
much can be gained by discussing the matter between us any 
farther. But in the plant that was tested in the Faliys Building 
the figure of that test as to the kilowatt hours per car mile run 
was tile best figure that lias ever been obtained yet, so far as I 
know, and yet the conditions were unfavorable. 

As to the historical figures which have been given by Mr. Burke, 
most of them of course, are well known facts that are entirely inde¬ 
pendent of, and have no relevancy whatever in regard to this 
method so far as I know. This method does not claim to he the only 
tiring that was ever done in the way of varying volts, but it is 
limited to peculiar methods and peculiar combinations, all of 
which are radically different from those which lie describes. 

Mr. Lozier has evidently a very confused idea in regard to the 
question of torque and power. If there is any one thing this 
method will do it is to create an enormous torque with a very 
little power. That is its chief claim ; and this armature here can 
be run so that it will hardly turn over and yet you cannot hold it 
with your hands, and it will he taking a very few watts to do it. 
The printing presses lie describes are not as bad as he thinks, and 
when this method was first installed in 1891 it was upon presses 
which required 80 n. p. to run each of them for printing calico 5 
and yet when all other methods by a rheostat control and other 
methods of that nature had utterly failed because of the enormous 
power required, 1 installed this, and started the presses invariably 
on a voltage of about 20 volts on an armature of a machine which 
was designed for 125 volts and with a current which was probably 
four or five times the current of full torque, because the men that 
were running the presses were not favorably disposed to the sys¬ 
tem. They have seen them monkeyed with for about a year with 
electric motors, and everything had failed, and when I succeeded 
in starting the press they not only put on the press the maximum 
torque which could bo obtained under normal conditions, but they 
screwed the rolls down to such a degree trying to stop it, that the 
owner of the plant who came in at the time almost discharged 
the foreman on the ground that he had sprung the frames of his 
machine. 

As to the size of the belt, that does not enable you to determine 
the power. The belt is merely the measure of the torque. My 
belt in that instance was about 12 inches, and I had to get it as 
tight as a riddle-string, because my motor would start up every 
time and the belt would slip, and yet I was using only about four 
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h. p. Of course, a belt running something like 4,000 feet per 
minute can transmit a great deal of power, but when running slow 
will do very little as regards power. All that the size of the belt 
will give us is torque. The power is proportional to the speed of 
its movement. 

As to the printing, press which is said to have been operated by 
my method in this city and abandoned, I have no knowledge. I 
do not know where it is or what it is, and I have not heard any¬ 
thing of the sort myself. But all I can say is, that if it was 
abandoned solely because it could not get enough torque to start 
the press, there must have been somebody handling it that did 
not understand the method, because there is no doubt about start¬ 
ing anything that the armature will start under. The torque is 
practically unlimited because you have an armature starting from 
dead rest with a current which can be increased to a current re¬ 
presented by the ohms of the armature divided into the entire 
volts of the line, and nothing in practice ever requires such a 
torque as that. 

( As regards the operating cost of the method and the first cost 
of the apparatus, I do not for a moment grant that under fair 
conditions this is not the most economical plant to run, but I do 
want to point out that there are a great many cases in which the 
first cost, and the cost of maintenance are not the considerations 
which determine the choice of the apparatus. For instance, this 
method has been used for the handling of the turrets on the men- 
of-war. If anybody thinks that turrets can be satisfactorily 
handled by any conceivable-system of rheostat control so as to 
enable the guns to hit anything when you get ready to shoot, all 
he has to do is to try something of that kind or watch others try 
it to learn how absolutely impossible it is to have perfect control 
by rheostats when you have a motor which is hardly moving. 
When you have to start up under the inertia and sticking of the 
parts, the torque will be quite high and a large portion of the 
rheostat will have to be cut out to get enough current to start 
it. The minute it is started, the torque will be about one-quarter 
of what it was and then the motor will run like a scared cat.. 
In this particular case rheostat control was not in question; the 
question was simply of control by steam as against control by 
electricity. My method of control was used as representing the 
possibilities of electrical control, and the steam machinery was 
the result of a large number of the best engineers of tlie country 
working out the most refined methods for handling things of 
that kind. It is of very little use to have a million dollar gun 
with its platform, if you cannot hit anything when you shoot.. 
The control is of prime importance, and the question whether 
the method costs $100 or $500 more to install is of no conse¬ 
quence, and the question whether it costs a few more pounds 
of coal to run it (which we will assume to be the fact, but which 
I do not grant at all, understand me) does not make any difference 


1896 .] 


DISCUSSION IN NEW YORK . 


895 - 


in the result if they can shoot and hit something every time they 
shoot because of the perfect control, or if they can shoot more 
frequently. This method was tested, and it was found that they 
could make 23 distinct starts and stops of the gun under perfect 
control within a period of 20 seconds, and not move the gun one 
degree. The steam men after spending a long time getting 
every possible refinement of their method, finally were able to 
accomplish such a thing as that, by backing and filling over the 
line for five minutes, while by that time the object they were 
going to shoot at would be beyond the horizon. That is one case 
where the question of first cost and economy of operation are of 
no importance as compared with the question of control. 

Another case that I have already spoken of is the question of 
operating printing presses of large size. The persons who have 
had these printing presses running with this method since 1.8tfl 
would have nothing else for their presses, although every other 
method that was conceivable to the General Electric Company 
was worked upon and developed to the highest degree, but this 
method was installed because nothing else would do the work 
satisfactorily. Similarly in case of another plant that is at this 
time going into operation, which is to have the same method of 
control for the same purpose. The system is also used abroad for 
the handling of cloth printing presses, and I think 1 am safe in 
Baying that no other method is so used. Printing presses of the 
ordinary kind, where the question of control is less important 
than in the case of printing cloth, are being run by rheostats, but 
in a very unsatisfactory manner. I am in the rheostat business 
myself and will be delighted to build them for anybody and 
everybody who likes them. A big rheostat is. bad.enough where 
the movement of the lever is always in one direction cutting out 
resistance, but for regulating the speed of a motor by a rheostat 
where the resistance is to be inserted, there is so much sparking 
and such a perfect lack of control that it only means that, the 
person using it is not familiar with the possibilities to be accom¬ 
plished by such a method as this. Of course, if you .have a shunt- 
wound motor and then have some kind of a mechanical reduction 
of power between that motor and the press, that is all right, and 
it makes a first class system which will give most satisfactory re¬ 
sults; but the difficulty is, that that mechanical gearing is the 
thing that all mechanics have been hunting for for fifty years and 
have not found yet, and it looks as though, for big powers, it is- 
about as far off as when they started. 

Dr. Hutchinson has asked whether I cannot give some figures 
with regard to the results of operation of this method of control. 
You will understand that this is the first time this new system 
has been described by me, and it has not been much used. Two 
or three companies liave made use of it, but I have no figures at, 
hand bearing upon the question of economy as yet, but since.the 
system so far as the public are concerned is absolutely new, it is 
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not to be wondered at that the figures are not thus far available. 
But I will point out this; that when this motor under this system 
is running at full speed only one-half of the energy it uses is con¬ 
verted, and the other half is supplied directly from the line; when 
at half-speed, no energy is converted; when running at lowest 
speed, it is true that nearly all the energy in the motor armature 
is converted—perhaps one-tenth or one-twentieth of the current 
comes directly from the line, and the balance comes from s acting 
as a generator, s being driven by this other machine u acting as a 
motor. But I think it will not be doubted that the loss in the 
transformation of that energy cannot compare with the loss in 
the case of a rheostat, which is about nine-tenths of your total 
•energy. 

Dm Hutchinson :—Mr. Leonard abandons all the elevators 
operated by his system which he has formerly described hero, 
including the Fahys Building; the New York (.Hearing House 
he has never seen; it is of course abominable engineering. 

Mr. Leonard in his remarks, though he does not say so, seems 
to imply some peculiar virtue in the increase of the torque of the 
driving motor. You can get just as great torque by starting 
directly from the line as you can by that system. In* one case 
you overload the line generator, and in the other case you over¬ 
load the machine s. It is the same degree of overloading, and 
the only question is of line drop. There is no peculiar virtue by 
which the driving torque can be multiplied by this arrangement. 
As I understand his position at present, he* does not make any 
special claim for economy in the system. Practically he admits 
that economy lias nothing to do with the question, hut that where 
ease of manipulation is essential or to he desired, that this system 
should have the preference over any other. In that fagroc 
with him thoroughly. 

A comparison of the energy expended in moving a ton a mile 
on an elevator and on a tramway may he interesting; for an 
elevator of about 25 square feet platform area, running a,bout 250 
feet to the minute, it requires about 2000 watt-bourn per ton 
mile; an ordinary tramcar requires about 800 watt-hours per ton 
mile. This is due, of course, to the average 50 per cent, grade of 
the elevator car. 

Mr. Leonard: — I am not surprised that Dr. Hutchinson has 
retreated from the position which he assumed a few months ago 
when lie made comparisons before us on the basis of kilowatt 
hours per car mile. The reason is because of the favorable 
.showing of the elevators in the Fahys Building, where tests 
showed a power required of only about 00 or 70 per cent, of the 
most favorable figures he claimed. That, of course, makes it 
necessary for him to change the basis of figuring. He knows too 
well, and I hope none of you will be misled by his statement as 
to torque. - 1 made no claim of securing a greater torque than 
can be obtained directly from the line. What I claim is, that 
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this system secures a very large torque from a constant potential 
system with very small amount of power, which cannot be done 
by any rheostat system. Of course, you can get just as much 
torque from a constant potential system with rheostat control. 
It is purely a question of current through the motor armature ; 
but I will produce that current for starting the motor with one- 
twentieth part of the energy required in the case of rheostat. 

He said the only consideration was the drop in the line. The 
drop in the line, while important, is of comparatively slight im¬ 
portance ; the power used and the control are the main factors. 

Another point which has not been mentioned particularly is 
the question of restoration of energy to the line. Now, I cannot 
give any figures for this, except as regards elevators, and as to 
elevators, the system has been used but comparatively little and 
then not under the best conditions; but I want to remind you 
that one of the oldest electrical concerns in the world, and one 
proven to have the best judgment—the Siemens and Malske 
Company—are putting in, plants abroad, employing shunt-wound 
motors, for the reason that such a motor lias the power to restore 
some energy to the line. This is a very important matter, and, 
in the case"of this system, can be brought to the very highest degree 
of perfection. Of course, in the operation of this motor if you are on 
long runs, without stopping or starting, the transformer would be 
entirely cut out of circuit and not in service at all, if you did not. 
need tiie boosted volts for the full speed. 

Another point I have not mentioned, but which will throw 
some light on the question of first cost, is this : 

The variation in speed of motors to-day is accomplished to a. 
certain degree by the variation in the field, and all that can be 
done in that way can be accomplished as an additional feature for 
this method. By weakening the field of s. this machine m will go 
faster with regular normal fields, and then by weakening the field 
of m we can go still faster. Bo that, if we have to run at high speed 
on a level, where the torque is comparatively small, we can make 
use of an apparatus which will be even smaller than 1 have hinted 
at in the paper, by reason of the fact that the current can be held 
within sparking limits even in the weaker fields and yet give 
enough torque for the high speed service on the level. 

Mr. Oa morrow:—I wish to cite another example where the 
current produced by shunt wound motors, may be restored to the 
system. In the Biegel-Oooper building there are 16 passenger 
elevators, capable of carrying from 40 to 50 people each. They 
are geared to carry 5,500 pounds at 150 feet per minute. The 
current required to carry 5,000 pounds net on the hoisting ropes 
of one of these elevators, if I remember rightly, is 110 amperes: 
the same machine on the down trip will restore 60 amperes, and 
as all of the elevators are connected electrically, one machine as¬ 
cending is assisted by some other machine descending. 

Half the machines going up and half coming down at the same 
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time, require 25 amperes average per machine, each with 5,000 
pounds net on ropes. In fact this whole plant consisting of 16 
passenger elevators and five sidewalk elevators, runs with less 
than 400 amperes of current at 230 volts. 

The elevators run about 150 feet a minute, and calculated on 
above basis the energy required is 3.4 kilowatt hours per car mile 
of travel; if these elevators were carrying 2,500 pound net, and 
running 300 feet, they would require only 1.7 kilowatt hours per 
car mile. 

Similarly the same number of foot pounds, viz: 150 X 5,000 
or 75,000, may be resolved on a properly geared machine into 
1875 pounds at 400 feet per minute, and the energy per car mile 
150 

becomes 3.4 X : — or 1.27 kilowatts per car mile of travel. 
400 1 


Again, if the net load is one half of 1875, or about 900 pounds on 
the ropes, as was given in the reported test of the elevators in the 
Fahys building, the energy per car mile of travel becomes one- 
half of 1.27 or 0.635 kilowatts per car mile of travel. 

The above inferences are based on continuous running with 
constant load. Starting and stopping, and changing load, will of 
course introduce modifications. 

Allowing 50 per cent, increase for frequent starting, we still 
have less than one kilowatt per car mile of travel for a group of 
rheostat controlled elevators, or for one or more with storage bat¬ 
tery, operating at same load and speed as those in the Fahys 
building, against 2.7 kilowatt hours per car mile as reported in a 
test of that plant, for a combination that does not waste energy 
in resistance. it must be borne in mind that the load here con¬ 
sidered is the net pounds on the hoisting ropes ; the weight 
carried in the car may be more or less than this net load according 
as the system is over-counterweigbted or under-coimterweighted, 

Mr. Leonard:— The test of the elevators in the Fahys Build¬ 
ing showed 2.7 kilowatts per car mile; but, of course, what figure 
we might get is one of those things we can all guess at. I think' 
that the last speaker said 1.7, well, I guess that with my system 
and with the 16 elevators all driven by one common source of 
power the figure would be cut down to 1.2. 

Dr. Hutchinson: —Mr. Leonard ignores the fact, in claiming 
that he gets his torque with less power at the main machines, 
that in the case I cited, the New York Clearing House, this is 
not true. He brushes aside my figures, by saying something was 
wrong, —in which I agree with him ; it is his system. I repeat, 
at this plant the starting current is over 100 amperes, at 230 volts, 
for a car having about "25 square feet floor area, running empty 
and accelerating slowly. 

Mr. li. T. Lozier :—Mr. Leonard is of course quite correct about 
the starting torque not representing the ir. p. obtained by multiply¬ 
ing the amperes taken in starting, and full voltage at terminals 
when motor is running at full speed. I have observed with him 
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both the amperes and volts on one of these large presses at start¬ 
ing and when running at full speed. 

I think that every manufacturer of dynamos and motors is in 
favor of the Leonard system, because by its installation we sell 
more dynamos and motors—provided we can get them in. Let 
me state that in the instance cited where his system was used and 
abandoned, I did not make the trial 
% Mr. Leonard :—About that system that was installed and 
given up ; that rankles a little bit; I don’t know where it is or 
what it is, but if it is the printing press which i rather fancy it 
to be—and I think I have some confidential information which 
enables me to locate it—it is a case in which there was used a 
generator built some—20 years ago T was going to say, but at any 
rate a great many years ago—of a type that is obsolete, and not 
one that was well adapted to large fluctuating currents. It has a 
very small commutator, the type of commutator in vogue in 
1885. It was not a generator such as would be suitable for run¬ 
ning any kind of elevator or printing press, if it is the case I think 
of: and, it may he, the fact that the old generator was used for 
the purpose, rather than a generator of modern design, will ac¬ 
count for its not being satisfactory and therefore abandoned. 

[Adjourned.] 
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The President:— The subject for discussion this evening, 
gentlemen, is u The Rontgen Ray, and its Relation to Physics, 
and the discussion is to be opened by Professor Rowland. 














A Topical Discussion at the mth Meeting oj the 
American Institute of Electrical Engineers , 
New York, December ibth , i8q 6. President 
Duncan in the Chair. 


THE RONTGEN RAY, AND ITS RELATION TO 

PHYSICS. 

(A Topical Discussion) 

Opening Remarks by Prop. Henry A. Rowland. 

Mr. President and gentlemen: A gentleman asked me a few 
moments ago if I knew anything about the X-rays. I told him 
no; that what I was going to tell to-night was what I did not 
know about the X-rays. 1 do not suppose anybody can do much 
more than that, because all of us know so very little about them. 
We were very much surprised, something like a year ago, by this 
very great discovery. But I cannot say that we know very much 
more about it now than we did then. ' The whole world seems to 
have been working on it for all this time without having dis¬ 
covered a great deal with respect to it. 

I suppose it, is not necessary for me to go into the history of 
the subject. We all know it; how Lenard first, probably, discov¬ 
ered these rays, or discovered something very similar to them; how 
Rontgen afterwards found their particular use, their penetrating 
power, and so on, although Lenard had found something similar 
t,o that before. It is thus not necessary for mo to go into the his¬ 
tory of the matter, but simply to go over, to some extent, what we 
know with regard to these rays at the present time. First, there 
was a discussion, some time ago, as to the source of these rays. 
Rontgen thought that their source was any point that the cathode 
rays struck upon; and you will remember that when we -first 
knew about these rays they were often called cathode rays. Many 
persons thought that the cathode rays came through the glass, 
and Lenard’s first idea was that they did come through his little 
window, and it is probable that, they do at the present time. 
But the kind of rays that we are considering are very different 
from the cathode rays. As to their source, I believe it was finally 
determined that they came from points where the cathode rays 
strike. At the same time I was rather opposed to that. In one 
of my tubes I found that, the rays came from the anode. I had 

408 












404 


THE Bdm'GEN BA Y. 


[Dec. W, 


only the ordinary assortment of Crookes tubes, and one of the 
tubes had aluminium wires which were a millimetre apart. In 
this one the source of the rays was a point upon the anode— 
not upon the cathode at all. It was a very small point. The 
photographs which I obtained by that tube are sharper than any 
1 have ever seen. They are so very sharp that in estimating 
the shadow of an object, I determined that the point could not 
have been a thousandth of an inch in diameter. Therefore the 
source in this case was a very minute point upon the anode, and 
that point was near the cathode. I suppose some of the cathode 
rays might have struck upon it, and it might have obeyed the law 
that the point where these X-rays are formed is the point on the 
anode where the cathode rays strike. 

I had another very interesting tube, and I was going to 
bring some of the photographs here to-night ; but 1 thought 
they were so small that it would be almost impossible to see 
them. 1 tried three cases in this tube: First, the case where 
the cathode rays strike upon the anode. In that case I got 
very many Rontgen rays. Then I tried the case where the 
cathode rays strike upon an object—a piece of platinum. I 
did not get any rays whatever then. Now, some people say that 
they come from the point where the cathode ray strikes. I 
did not get any whatever. In this case the cathode rays struck 
upon a piece of platinum in the centre of a bulb, and no- 
rays were given out by the anode either. Therefore I seemed 
to have a crucial experiment in each; I seemed to have the case 
where the cathode rays strike upon the anode, and I got plenty 
of rays. Then I had the case where the cathode rays strike 
on a piece of platinum, and I did not get anything at all. Then 
where the anode itself was free and no cathode rays struck it, I 
did not get anything from it. It seemed to me as if the source 
was most abundant when the cathode rays struck upon the anode; 
and that is the theory, we know, upon which nearly all tubes are 
formed at the present time. You have the focus tubes in which 
you focus the cathode rays upon the anode, and in that, case you 
have a very abundant source of rays; but 1 do not believe you 
ever could get as small a source of rays as I got with that first 
tube, where I had a source of a thousandth of an inch diameter. 
Having such a small source of rays, it gave me a limit to the 
wave length, if there were waves at all. As to whether there 
are any rays produced where the cathode rays strike on any 
other objects, we know that there are very feeble ones. It 
seems to be almost necessary in order to get ah abundant source 
that you should have cathode rays strike on the anode. How¬ 
ever, that is a point of discussion. Now, as to the source of 
electricity, we have generally the Ruhmkorll coil. There is one 
source of which I saw a little note in .Nature, where a man had 
used a large Holtz machine with very good effects. 'Now it is 
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very much easier for many persons to use a Holtz machine than 
to use a Ruhmkorff coil. There are many cases where one 
cannot have a large battery ; and this man said that with the 
Holtz machine he got as great an effect as with the Ruhrakoff 
coil. Then we have the Tesla coil, etc. By the way, speaking 
of the Tesla coil, 1 am not sure but that you might look back: 
and find that it is very similar to the Henry coil. Henry orig¬ 
inally experimented on the induction of electricity, transmit¬ 
ting a spark of electricity from one coil and getting a spark 
from another, and the Tesla coil is something like that, except; 
that it is made so as to produce a much more voluminous spark. 

We all know the properties of the Rontgen rays—they go in 
a straight line. Every effort to deviate them from a straight 
line, by any means whatever, lias failed, except that when they 
strike upon an object they are reflected. Now, it is a question 
for discussion as to whether there is any regular reflection. They 
strike upon an object, and you get something from that object 
which will affect a photographic plate. Are those rays which 
we get from the object Rontgen rays still, or do the Rontgen 
rays strike upon this object and generate in it some sort of rays 
which come out, different from the Rontgen rays, and affect 
the plate? We do not know that. Neither are we quite posi¬ 
tive whether there is any reflection of the rays. We know there 
is turbid reflection—you, may call it—rays strike on the object, 
and the object becomes a source of rays of some kind. Nobody 
has ever found out what sort of rays come from the object. 
Something comes from if, and we generally imagine, and indeed 
we often state, that they are Rontgen rays that come off the 
object. But we have good reason to suppose that they may be 
something else ; and there may or may not be regular reflections ; 
some persons say there are and some that there are not. I have 
seen some photographs made in this city which indicated regular 
reflections. At/the same time I would not be positive as to 
this action. It is rather doubtful. It is a point to be determined. 

Then the fluorescence—that is the way Rontgen originally 
found the ray. You know the way they produce fluorescence— 
the photographic effect—you all know that. You all know that 
the magnet does not affect them—does not turn these rays from 
a straight line. 

The polarization of the rays: We have no evidence whatever 
as to the polarization. If they were very small waves, transverse 
waves, like light, we ought to be able to polarize them. Bee- 
querel, by exposing certain, phosphorescent substances to the 
sun, obtained from them certain rays which penetrated ob¬ 
jects like aluminium, etc. But these rays were evidently 
small rays of light, because be could polarize them, and he 
could refract them. But we never have been able to discover that 
there was any such effect in a Rontgen ray. Some persons 
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have claimed that they got polarization; but if there ever was 
any polarization, it is very small, indeed. 

One of the principal advances in respect to these rays is that 
made by J. J. Thomson, in considering the electric discharge of 
bodies. He has published most valuable results with regard to 
this effect. When the rays fall upon a gas, they affect the gas 
in some way so that it becomes a conductor. Now, you can sub¬ 
ject the gas to these rays and allow the gas to go through a tube 
off into another vessel, so that it will discharge an electrified body 
in that vessel. But he lias found the most interesting result that 
it will not continue long to affect these bodies. Alt ter one has 
allowed a certain amount of electricity to pass through it, it then 
becomes an insulator again. That is easily explained by the Jibuti 
gen rays liberating the ions, and only a certain amount of them. 
Just as soon as these are used up in the conduction, then the gas 
ceases to conduct. So that a certain amount of gas will conduct 
a certain amount of electricity, and then it stops conducting. 
That is a most interesting result. It is one of the great advances 
we have made since Kontgen’s discovery. Kontgen knew nearly 
all we know now about these rays. We have discovered very 
little indeed; but that point I think we have at least discovered. 

Then it is said that these rays affect a selenite cell in the same 
way that light affects it—it changes the resistance of the selenite 
cell. 

Of course, we are only considering the theory to-night.; at 
least I am, and we do not have to consider the hones, and so on. 
L have had some students at work in my laboratory, and it was 
with the utmost difficulty that I kept them from photographing 
bones. Bones seemed to be the principal object to be photo¬ 
graphed by the Kontgen rays when they were first discovered, 
and I suppose it is the same now. Most people connect Iibnt- 
gen rays with them; but I do not intend to say very much 
about them. 

Now, one important point with respect to these rays is as to 
whether they are homogeneous. Are they like light which 
can be divided up into a large number of different wave lengths, 
or are they homogeneous? There seems to be a, great deal of 
evidence that they are not all the same; that one ought to get a 
spectrum of them in some way. We can filter them a little bit 
through objects. After they are filtered, they are probably a 
little different from what they were before, and some objects 
probably let through different rays from others. In Nature 
Mr. Porter, I believe, has shown experiments upon that. lie 
divides rays into three kinds. At least lie finds that under 
certain circumstances the rays will penetrate bones better than 
in other cases—bones or any other object. They have more 
penetrating power, and they go through* many of those objects 
that ordinarily stop them. By heating the tube, and by various 









1896.] 


A TOPICAL DISCUSSION. NBW YORK. 


407 


arrangements of his spark-gaps, etc., and putting little wires 
around his tubes, and so on, he can cause them to generate 
different kinds of rays. That is a very important point, if it is 
substantiated, and there seems to be little reason to doubt that a 
number of rays really do exist; that whatever they are that come 
from the object, they are not all the same; some of them penetrate 
bodies better than others, and very likely some one will get up 
some sort of filter that will filter them out, and allow us to use 
them and to find if they have different properties. At the pres¬ 
ent we are rather in the dark with regard to this point. 

Now I come to the theory of these rays. What is the cause 
of all these phenomena? There was a time when we were 
rather self-satisfied, 1 think, with regard to theories of light* 
We thought that Fresnel and others had discovered what 
light was—some sort of vibration in the ether; we called it 
ether ; if it had these waves going through it, then it would pro¬ 
duce light, and we were pretty well convinced that the waves 
were transverse, because we would polarize them; so that we 
began to be satisfied that we knew something about light. Then 
Maxwell was born, and he proved that these rays were electro¬ 
magnetic—very nearly proved it. Then Hertz came along and 
actually showed us how to experiment with these Maxwell 
waves, most of which were longer than those of light. At the 
same time they were of the same nature. Well, we got a rather 
complicated sort of ether by that time. The ether had to do lots 
of things. One must put upon the ether all the communication 
between bodies. For instance, what communication is there be¬ 
tween this earth and the sun ? Why, you have light coming from 
it and heat. Radiation you might call it all. Then some people 
thought they discovered electro-magnetic disturbance from the sun. 
Sometimes they have seen a sun spot and noted a deflection of the 
magnetic needle on the earth. Very likely that is true. I don’t 
know that they have discovered any electrostatic effect. But we 
know' that electrostatic effects will be carried on through as per¬ 
fect a vacuum as you can get. Then we have gravitation action 
too. Now, we have got all these things—electro-magnetic action, 
light which would be an electro-magnetic phenomenon, and then 
we have gravitation, and we have got to load the ether with all 
these things. Then we have got to put matter in the ether and 
have got to get some connection between the matter and the 
ether. By that time one’s mind is in a whirl, and we give it up. 

Now we have got something worse yet—we have got Ront- 
gen rays on top of ail that. Here is something that goes 
through the ether, and it not only goes through the ether but 
shoots in a straight line right through a body. Now, what sort 
of earthly thing can that be? A body will stop light or do 
something to it as it goes through ; but what on earth can it be 
that goes through matter in a straight line? Why, our imagina- 
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tion doesn’t give us any chance to do anything with that problem* 
It is a most wonderful phenomenon. We can indeed suppose that 
they are ultra-violet light. Indeed, we can get a limit to the wave 
length to some extent. Nobody, however, lias ever proved that 
the Rontgen rays are waves. But we can get a limit of the 
wave length if they are waves, because when 1 have a tube that 
gives me a shadow which is only a thousandth of an inch broad, 
or rather from the greatest intensity out to clear glass a thou¬ 
sandth of an inch broad, 1 can calculate the wave length of the 
disturbance that would produce such a shadow. It has got to be 
very small indeed ; one knows tha t right away, because any ordinary 
light would make a few waves at the edge of the shadow, and by 
measuring those waves you could get the wave lengths of the 
lightwaves. But there was no appearance whatever on any of 
my photographs of any such phenomenon as that. I did not have 
any of these waves at the edge of the shadow whatever. It 
went directly from blackness to Tight. But putting it under the 
microscope and measuring from almost imaginary points, from 
lightness to darkness, I could get a limit to the wave length. 
Now, as to that limit, I published it in one of the journals"six 
months ago, or more, and it came at about one-seventh, I think, 
that of yellow light. Others have determined the wave length 
and got even below one-seventh that of yellow light. Some have 
got one-thirtieth that of yellow light, aiul so on. Some of them 
I am rather doubtful about, because they say they have hands. 
If they have bands and detraction bands, that would prove in¬ 
stantly that the Rontgen rays are waves. But 1 have never 
seen the slightest phenomenon of that sort. It is very doubtful 
that it exists, and those persons who have had it will have to 
show their photographs very clearly to make us believe it. And 
therefore we have no evidence whatever that the rays are waves. 
At the same time we have no evidence that they are not waves. 
They might be very short waves—infinitely short waves. Let 
its see what would happen if they were infinitely short waves. 
They might be so very short as to be too fine-grained for any of 
our methods of polarization or reflection. Waves are reflected 
from a solid body—regularly reflected, because they interfere 
after they come from the body. You can get the direction—the 
angle of incidence equals the angle of reflection ; you can get 
.that by means of considering them as waves and as interfering 
after they come from the object. Well, if the object, however, 
is a very rough sort of tiling compared with the wave length 
you will not get a regular reflection. That is what might hap¬ 
pen in the ease of Rontgen rays. And then again, with regard 
to lenaction of the light, the theory of refraction which comes 
from considering molecules imbedded in the ether will give you 
some limit. When we go beyond that limit, we get no refraction. 
J.he bending of the violet rays increases up to a certain point 
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and then goes back. We have a case of anomalous refraction 
very often in some substances like fuchsine, aniline dyes, and 
so on. Therefore the action of' refraction can be accounted for 
by having very short waves. But when we treat of the theory 
of the case we have the little molecules of a gas knocking against 
each other, and they can only go a little distance. We call that 
the free path of the gas—a very small distance in the ordinary 
air. Those molecules cannot go more than this very small dis¬ 
tance before they stop. Well, now, why should little, short 
waves of light pass through the gas and not be stopped too ? 
When the waves are very short indeed, it seems to me that the ob¬ 
ject would be entirely opaque to them, because they would strike 
upon those molecules, unless they could pass directly through the 
molecules. You would therefore necessarily have these little 
short waves going directly through the molecules, which we gen¬ 
erally think is almost impossible in case of light. And that is 
one very great objection that I have to that theory. 

Then we have another theory—that these are not transverse 
waves at all; that they are waves like sound, and very short in¬ 
deed. Well, what would happen then ? If they are very short 
indeed, you have the same objection : They would all strike 
against the molecules, and they would be dispersed very quickly. 
The shorter the wavelengths, the more they are dispersed. Take, 
for instance, short waves that bob against a boat and are reflected 
back. Then, if you have a big, long ocean wave, it sweeps 
around a boat and goes on without being troubled by the boat at 
all. The shorter the waves, the more they are bothered by the 
boat, and so it is with respect to other waves—the short waves 
would probably be stopped by the molecules. So I do not see 
what we can do with regard to it in that respect. According to 
Maxwell’s law, waves like sound do not exist in the kind of 
ether that he suggested. But that is all based upon a certain 
theory that the lines of force are always closed. He intro¬ 
duced into his equation an expression which indicated that every 
line of force was a closed path coming back upon itself or end¬ 
ing in electricity, one or the other. If \ye throw out that equation, 
then we can get this kind of compressional waves in the ether. 
Now, it is not at all impossible that they exist, and as to whether 
they would go through molecules any better than light waves do, 
nobody can tell; but it is possible that they might,^ But if there 
are waves at all, they must be very short waves. Y on cannot get 
over that fact. 

Then, of course, you have the other theory—of little particles 
of matter living out from the body, passing through the glass 
and all other bodies, until they reach a photographic plate or 
any other place where we are notified of their presence, and these 
little particles make their way through the air or any other 
substance. Now, why should not the little particles be stopped 
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very quickly by bodies as well as if the rays were waves? You 
see we are in trouble here too. Why are not the waves stopped ? 
Why are not the little particles stopped ? Stokes has given some 
sort of a theory with regard to this—that, instead of having a 
wave motion in the ether, the rays are impulses—a sudden im¬ 
pulse—one wave, for instance—not a series of waves at all, but 
one impulse coming out from the tube. I think if he had seen 
any very sharp shadows obtained from the Rontgen rays he 
would not have given that theory. He probably has seen only 
those very hazy outlines that very many persons take for Ront- 

gen photographs. But if he had seen any very defined ones-.- 

very sharp ones—he probably would not have given that theory, 
because if the Rontgen rays are waves at all, they must be short, 
and there must be a long series of them to make sharp shadows. 
This is why Newton gave up the wave theory of light. You re¬ 
member he gave up this theory because he found that light went 
straight past an object instead of curving around into the 
shadow as much as sound does. But he was not quite up to his 
usual pitch when he made that statement, because if he had 
thought a moment he would have seen that very short waves will 
go more nearly in a straight line than long ones. But any sin¬ 
gle impulse, such as Stokes suggests, would go into the shadow. 
The only wave motion that would go in a straight line is a series of 
waves, one after another. Therefore, these rays cannot bo single 
impulses coming irregularly. 

Prof. Michael son has suggested a theory of rays based on 
something like vortex rings in the ether. Now, if we have a ,n 
ether that can carry on light waves and electro-magnetic waves, 
it cannot be a perfect fluid; it lias got to be something else. 
You cannot very well imagine vortex rings in such an ether. So 
that we are met at every point by some objection. We have 
been studying light for hundreds of years; we are not anywhere 
near satisfied with the theory yet, and we cannot very well be 
expected to be satisfied with the theory of Rontgen rays in one 
year. 

Well, I think that is all 1 can say with regard to the subject, and 
I hope the other gentlemen who are to carry on the discussion 
will satisfy you on all these points that I have brought up and 
left unanswered. 

Pkof. Era hu Thomson:— Mr. President and gentlemen of 
the Institute :—I have been very much interested in the expression 
of opinion by Prof. Rowland as to the nature of these rays. 1 
can certainly second bis statement that we know very littlo’aboufc 
them; that is, as to their real nature, and the more facts we ac¬ 
cumulate they seem to be carrying us, if anything, farther away. 
We may have a dozen different theories, and we do not yet seem 
to have any proof of any of them. I have not, however, given 
very much time to considering that side of the question; I have 
been working somewhat, as leisure time allowed, in finding the* 
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conditions under which these rays were produced, and in obtain¬ 
ing them, if possible, in great amount. . 

I can hardly agree with what Prof. .Rowland says in regard to 
the rays not being produced when the cathode rays strike any¬ 
thing but'an anode, unless this qualification be admitted—that 
for the time being, the thing struck becomes an anode by induc¬ 
tion. That, of course, may be the explanation ; that may be the 
way out; because we have many tubes which have mounted in 
the interior an insulated piece of metal—I had a very active tube 
in which an insulated piece of platinum was mounted opposite 
two concave pieces of aluminium which were made alternately 
the cathodes. This insulated piece mounted on a glass stem, 
without any connection on the outside, was a vigorous source of 
rays, and unless it became an anode by induction, we must ad¬ 
mit that a piece of metal bombarded becomes a source. So the 
glass of the tube may become a source by being bombarded, and 
a source in all directions. The rays are transmitted through the 
glass; they are transmitted back from that point also laterally, 
and in fact in all directions. I have come to regard it as a set¬ 
tled fact, that if the cathode rays strike a piece of any substance, 
and particularly a dense substance like platinum, uranium or irid¬ 
ium, and these cathode rays are directed in a right line toward 
the surface, they produce Rontgen rays. If, however, they are 
diffused, as by crossing the focus of the cathode and then spread¬ 
ing out, as when the vacuum is a little too low to allow them to 
go on as a jet, then the rays cease to be produced. That condi¬ 
tion is present in a tube too low in vacuum, and you can gener¬ 
ally recover it by working the vacuum up. 

As to the methods of excitation of tubes, I have found that 
static machines, induction coils, high frequency coils and various 
other apparatus for giving high potentials, all under proper con¬ 
ditions, are about equally satisfactory. For a static machine to 
be used, it must be of large capacity. In other words, it must 
have a large watts output relatively for such machinery, and a 
multiple plate machine therefore, driven with high speed, as one 
made with hard rubber plates driven 2,000 revolutions and say 
24 plates, is a wonderful source of discharges for the tubes. It 
will keep the platinum hot in the tube, making a bright spot on 
the platinum. The spark itself between the terminals of such a 
machine will almost instantly set lire to combustible materials 
put in between the terminals. A vigorous induction coil gives,, 
of course, uni-directional discharges, like the Holtz machine, ex¬ 
cept that they are intermittent, whereas the Iloltz machine can 
keep a Crookes tube apparently continuously lighted; that is, 
the intervals between the discharges are.so exceedingly small 
that the most continuous possible effect is obtained when the 
static machine is used. It has, at it were, a constantly impressed 
electromotive force, and the output of the machine is, as it were,, 
a constant current under that electromotive force, but no doubt 
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divided into intermittent discharges at a very high rate in pass¬ 
ing the tube. An induction coil driven with 50 to 100 breaks 
per second, is an admirable source of rays when the tube is 
proper for it, and in that case what is called a single focus tube 
is used. When we come to the high frequency alternating dis¬ 
charges we have the double focus tubes with two cathodes gen¬ 
erally placed opposite each other, and the rays from which bom¬ 
bard in common a piece of platinum in between, and if that plat¬ 
inum be made in the form of a wedge, with a somewhat acute 
angle, the two bombarded spots or sources from either side may 
be so near together as to give practically one focus for ordinary 
uses. In that case the tube, if exhausted properly, is a vigorous 
source of rays. 

But the most effective method of excitation which we have 
yet been able to use has been one of which the public has heard 
nothing so far, and I mean to speak of it now. It was arranged 
by Mr. Hermann Lemp (whose name is familiar to many of you) 
in this way: lie simply took a 12-inch incluctorium, a coil giving 
a 12-inch spark ordinarily, and excited the primary with alterna¬ 
ting currents at 125 cycles. This gives in the secondary, as in 
any step-up transformer, a great increase of potential, such that 
we may find that the spark darts live or six inches between ter¬ 
minals, and, of course, after it is started, there is a continuous 
arcing somewhat difficult to stop unless you blow it out or shut 
off the current, which latter is probably the easiest way. Now 
this high potential discharge of the secondary is, of course, an 
alternating current—an alternating current somewhat of the 
same wave form as the impressed primary wave. But if we. ro¬ 
tate, by a little synchronous motor, a break piece which picks 
out one direction only of the secondary discharge and leaves that 
in the other direction open-circuited, then you see we have an 
admirable source of uni-directional discharges of great power. 
Of so great power indeed are they that you would not dare to put 
them upon your Crookes tube without modification. You must 
put in a high resistance, such as a water resistance—a long glass 
tube filled with water—to cut down the flow which would destroy 
almost any tube you might try. The commutating device made 
properly simply consists, for example, of two insulated terminals 
in series with the discharge, and a connecting wire revolving 
synchronously between them. With a spark gap between the 
wire and fixed terminals, of course we do not need friction or 
any contact. You are then chopping off the tops of the waves 
or are taking the very highest potential of each and every wave 
all in one direction, and you are also giving them a spark gap be¬ 
tween the fixed terminals and revolving wire which is favorable 
to the generation of the rays. The spark gap regulates itself in 
a measure, because just as soon as the potential is such that it 
can easily jump a gap, then the commutator wire anticipates the 
discharge and the current leaps the spark gap. If there should 
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be a weaker discharge, the wire comes up nearer to the terminals 
before the gap is jumped, so that in this case tlie discharges are 
wonderfully uniform and you get them at the rate of 125 per 
second, which is a rapid rate, and excites tubes wonderfully well. 
With this means of excitation which I experimented with about 
a week ago for the first time, I was astonished at the results ob¬ 
tained. Unless you are very careful, you melt right through the 
platinum electrode. Half a second might be sufficient. In fact, 
we did that, but it did not hurt the tube any as a source of rays. 
There existed just back of the platinum plate a brace of thicker 
platinum which did not melt. The rays did not strike that 
thicker piece squarely ; they only struck it on about one-half the 
area of the hole formed in the platinum sheet. A singular 
thing occurred in this ease. I will draw a sketch of the tube 
which was used (see Fig./l.) Here, at p, was an inclined plate 
of platinum sealed in from the side, supported from this side,. 



GLASS X RAY TUBE 
Fid. 1. 


and with a little rib of platinum on the back, and at this end, t>, 
a dummy terminal of no particular use. It was simply put in 
there because it was thought it might be of some use—and that 
is sometimes a good thing to do in these tubes. I hen we had 
the concave cathode, at <1. Now the ^ rectified current was sent be¬ 
tween these o and v and a hole was instantly bored through the 
platinum e and the rays struck the little rib back <>( it. i he rib 
was about one-half exposed to the hole after it was made, and 
half the size of the hole was opened for the passage of rays clear 
through—cathode rays, of course, in this case. The result of 
this was that in about three seconds this piece of aluminium, 
about an inch and a quarter or an inch and a half wide and a 
thirty-second thick, was red hot. It was repeatedly heated in 
three or four seconds by the cathode rays that had apparently 
passed this rib and gone through the hole. ^ This shows the enor¬ 
mous vigor of the cathode rays. When this tube was used there 
was a white hot area all around the hole in the platinum plate. 
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In using the fluoroscope, or fluorescent screen in the dark, I 
found that a most intense sharp shadow of the bones in the hand, 
and a shadow comparing with those obtained by photography 
was thrown upon the screen, and the details were beautiful— 
although the image was formed within only a short distance of 
the tube. But the astonishing thing was the flood of light ob¬ 
tained, and the fact that you could take the screen away and 
for many minutes afterwards see that shadow glowing—or rather 
the space around it on the screen glowing. I would like to read 
here in this connection some few notes made at the time I quote : 

“ When the vacuum was so high that but very little fluore¬ 
scence existed on the sides of the tube, the rays got through four 
thicknesses of iron over one thirty-second thick—that is, an ac¬ 
tual thickness is three-sixteenths—and cast strong shadows of a 
brass disk or plate about an inch thick. When the vacuum is 
lowered the screen becomes very much more luminous, but the 
shadow almost disappears.” 

This means that there are apparently produced rays which are 
not going in a direct line ; they are being diffused, and this seems 
to indicate that a different wave length and rays more diffusible 
by the matter of the iron are produced. 

“ The same is true, but to a less degree, with the hand or with 
the shadow of any object. With eight thicknesses even, the 
tube having a high vacuum, the screen is lighted and a fine 
shadow thrown on it. This makes a total of three-eighths of an 
inch of wrought iron, working about six inches from the bom¬ 
barded platinum. A heavy cast-iron transformer cover with a 
brass name plate showed the name plate clearly through the iron. 
Two metal pieces—cast-iron—nine-sixteenths, gave, with a higher 
vacuum, an enormous amount of rays, but no distinct shadows 
could be seen passing through these plates, owing probably to 
the fact that the metal may be a very strong diffuser of the rays.” 

Now that last statement is a very curious one. Take two 
heavy plates of iron about nine-sixteenths thick and slide them 
over each other so as to get over half the screen a double thick¬ 
ness, and it was very difficult to discern any difference between 
the part with a single plate and that with the double thickness 
between it and the source. If the current was cut off after the 
tube was excited, the luminosity of the screen disappeared. 
There is only one other explanation of this phenomenon that I 
am able to offer, and I offer it, having experimented too little to 
say whether it is a correct explanation. It is just possible that 
the screen is not illuminated by the rays coming through the 
iron, but from the diffusion of the rays from the operator’s body. 
The only way to avoid that diffusion would he to set into some¬ 
thing like an armor plate casing and work through a hole, so as 
to be able to cut off all these diffusion rays that are thrown back- 

ward. , ■. 

Prof. Rowland has told you about the general characteristics 
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of these rays in their relation to the cathode rays, and I wish 
merely to'call attention to one or two additional. points. In 
working a tube, say a single focus tube, with an inclined plate of 
platinum, used as anode, it has always been noticed that when it 
did its work vigorously, there was an area of fluorescence on the 
glass wall extending from the plane of the platinum and cover¬ 
ing the whole of the walls on the bombarded side.> This illu¬ 
mination is uniform apparently all over those parts of the glass 
walls of the tube that are centered around the bombarded spot 
on the platinum, and that uniform illumination never comes un¬ 
less you get Rontgen rays. They are evidently produced by the 
Rontgen rays passing the glass 'outwardly and illuminating or 
making the glass fluoresce. Rut, curiously, you can see such 
fluorescence in daylight or in a room fully lighted, but if you 
pulverize some of the same glass and make a fluorescent screen 
of it—experimenting with different thicknesses, you do not get 
more than the faintest action even when you put the screen close 
to the glass of the tube. What does that indicate? It seems to 
me there is no escape from the conclusion—that there are some 
rays that strike the glass which do not go through—that they are 
the kind to which the glass is opaque, or nearly so, and very 
little of them get through; whereas, the Rontgen rays that do 
get though, having passed through glass, (being Altered as it 
were) can now go through glass again or other things of the 
.same nature. It is the quantitative effect of the fluorescence that 
leads us to such a conclusion. We also find that cathode rays 
produce fluorescence wherever they strike, and this leads us to 
inquire whether in doing so they always produce Rontgen rays 
first, or these other rays which are lower tlmri Rontgen, or 
whether the cathode ray*does alone produce the fluorescence. I 
think that this question would be one of the most difficult to ex¬ 
periment upon or to decide. That there are varieties of Rontgen 
rays that differ in some way (whether in wavelength or what not 
it "is hard to say) is undoubtedly a fact beyond all question. 
They cannot be* divided, in my opinion, into X ~ 1, X — 2, 
X ™ 8, or to put it differently, into flesh, wood and metal rays ; 
but they probably represent, if they represent anything, a sort 
of gam lit—a variation up ward and downward in the scale. In 
working the tube Fig. 1 and lowering the vacuum somewhat, 
using an iron plate three-eighths thick "and the screen in front, 
you get very little effect at first or not until the tube works up, 
and it works up in half a minute or a minute. You then see the 
screen getting brighter and brighter all the time until the screen 
is illuminated quite strongly. This evidently indicates the pro¬ 
duction at the fast of apparently a different sort .of rays which 
penetrate the metals even when of considerable thickness. But 
if you put your hand or any thin metal object back 
of ‘the heavy plate when the rays pass freely,' you get 
a very faint shadow indeed, showing that these rays which get 
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through the metal, get through the hand, if anything, more easily. 
They are the rays which will gee freely through a man’s body, 
perhaps through great depths of it. It probably requires these 
very rays to pass through any great thicknesses and this may ac¬ 
count for the fact that it is very difficult to get any strong impression 
of the vertebral column, for example, in the body, because such of 
the rays as are able to pass through great thicknesses of tissue 
have also a high penetrating quality, even for bone. 

Another fact which I noticed in experimenting with this tub© 
(Fig. 1) is, that adding sheet after sheet of iron, each a little over 
JU 7 thick, beginning at 1, then 2, 3, 4, when I got to about 
four sheets my object shadow was black and very clear and 
distinct. 'When I got to live or six sheets, that shadow was begin¬ 
ning to be faint an! blurred, and at eight sheets could just about 
be distinguished with care. What was very strong and vigorous 
at four sheets had apparently almost disappeared at eight, sheets. 
Now unless there is some other explanation, this would indicate 
that the rays can, as it were, go a certain distance and are stopped 
or diffused, or that certain rays are filtered out that with the 
lower thicknesses, gave the shadow; while those which were 
able to penetrate the greatest thicknesses kept right on and pene¬ 
trated object and metal all together. But then a caution comes 
in here. It is possible that the back diffusion. of rays from the 
operator not working back of a heavy metal shield is illuminating 
the screen by diffusion from the surrounding, objects, and we 
may have an effect something like the opposing lights in a Bunsen 
photometer which, in a certain definite amount neutralize each 
other on the screen. Such is a possible explanation of the effects. 
There is needed much further experimenting. 

It is curious to notice with the tubes having comparatively 
low vacua that no effect of production of rays occurs with the 
ordinary passage of a silent discharge, as by the Holtz machine, 
but the tubes often become good sources of rays if you put a con¬ 
denser on the terminals and use a spark gap. A tube which is 
absolutely of no use for a steady discharge from the terminals 
maybe made oftentimes very active by this simple expedient.. 

We often come across very curious things in this work with 
different forms of tubes under different conditions, and I think 
there is hardly a more fascinating field than working with these 
vacuum tube arrangements. There are no two alike. You can 
hardly produce the same exact effects twice. I may mention 
a curious thing which I noticed the other day. We had a spheri¬ 
cal bulb with a wedge of platinum, the cathodes opposite each 
other. We made one of these actual cathodes, and the platinum 
the anode, with commutated current excitation. The vacuum in 
the tube was a little low, and one would suppose that the side of 
the platinum nearest the real cathode would get hot, but I was 
astonished to find that there was a bright spot on the other side 
opposite the idle cathode and none on the side opposite the real 
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cathode. This latter side was not even hot, but the apparently* 
idle enp on the other side of the tube had sent out something or 
other which produced a red hot spot opposite to it and gave rays. 
That is only one of the curious things we find, which among the 
many other serve to mix us up and carry us perhaps farther away 
from the real thing that we all are looking for. 

In regard to the diffusion of the rays, I have to say a word or 
two. Borne time ago I tried to start some experiments in carry¬ 
ing on the work of investigating diffusion of liontgen a little 
more fully with an object in view. My idea is represented in 
about this way. (Illustrating): This represents a vertical 
metal screen m. Fig. 2. I placed a Crookes tube here at t. I 
put a block of paraffin here at p that I can turn about. I put a 
heavy metal screen at the back at n. I placed a fluorescent 
screen here at ;f, facing in the direction of the arrow and shield¬ 



ing it in every possible way by metal. If then I get from this 
paraffin i>, diffusion (which I know I can get from back, sides or 
anywhere) it simply behaves like a lump of opal substance, and I 
have the screen V in position such that no ray could reach 
it from e; then if I put another block of paraffin here at sand 
[get rays from if back to f I have what I may call secondary 
diffusion. If I then get the same effect from s as from i> it indi¬ 
cates that the rays from r are liontgen rays, and answers the very 
point that Prof’. Rowland raised in regard to diffusion. They 
would be liontgen rays, and again doing the same thing that they 
did at first at r, received at s and sent out again by the secondary 
diffusion. I tried some experiments in this direction, but I found 
my screens were not thick enough. I thought, I got some effect 7 , 
but the work will have to be done over again. 

There was another point in this connection which interested me 
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very much and will require a good deal of time in experiment¬ 
ing. I was going to put a substance like paraffin here at r and 
say wood there at s and then interchange them. Now, if we do 
this, and do it enough times and with many different substances, 
we may be able to—especially if we could measure quantitatively 
the relation or effect—to discover that there is a spectrum or 
eolor value for each substance. If tins at p, for example, absorbs 
certain wave lengths and sends out others, and this substance at 
s being the same substance, passes them on, and then is replaced 
by another substance which has a different Rontgen ray color, 
absorbing more of the diffused rays, the screen would be darker. 
Interchanging the positions and changing the substances to any 
length would enable us at last to get at the spectrum, if there 
was any such thing, and at the same time to say that paraffin 
had a certain ray color, so to speak, and so on for other substan¬ 
ces. This is in the future. I simply mention it now, wishing that 
somebody had more time than I have to investigate this field 
and find out what there is in these speculations. 

I was interested some time ago in regard to the effect of 
Rontgen rays on the tissues. I had read a few times that certain 
people had been burned by Rontgen rays. I did not believe it. 
These rays went through" tissue so easily that their action could 
not amount to anything,but it was certainly worth while investi¬ 
gating so as to know. So I used a tube, which happened to be a 
heavy blue glass tube with a clear glass window. The blue glass 
did not allow the rays to get out, and they were absorbed except 
through the clear glass portion, where I wanted them for use. J 
put my finger up to the clear glass window -and kept the other 
fingers pretty well shielded by the blue glass of other parts of the 
tube. I exposed the finger for half an hour to the rays, a Holtz 
machine being the source of electricity. I put the finger up 
pretty close to the tube, and after half an hour I thought that 
perhaps it was not long enough ; perhaps it was not half enough. 
But if there were to be any effect it would be equivalent to a few 
hours distance, and as I got tired I went no farther. I shut down 
the tube and went away. Five, six, seven, eight days passed and 
nothing happened, and I felt that people had been mistaken 
about the effect of the rays. But on the ninth day the finger 
began to redden ; on the twelfth day there was a blister, and a 
very sore blister. On the thirteenth or fourteenth day after 
exposure, the blister had included all the skin down to the part 
not exposed and had gone around the finger almost to the other 
-side. The whole of the epidermis came away and left an ulcer 
without any possibility of recovering its own epidermis except 
. from the edges, and I had to go through that painful process of 
having a raw sore there and the epidermis growing in from the 
side and gradually closing up. Only three days ago was the sore 
actually closed, and the skin is yet very tender, and nature does 
not appear to have found out how to make a good skin over that 
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finger. The skin still conies off in flakes and is very disagreeable 
and very tender, and there is a burning, smarting sensation every 
now and then. But I am satisfied itis coming out all right. *1 
showed the finger, when at its worst, to my family physician. 
He looked at it and said : u Do you think you are going to lose 
that finger ? 75 I said: “No; I don’t think 'it is as bad as that 
but I must say that for a time it was a very angry looking affair. 
Some one lias said that this is an electrostatic effect ; the rays 
could not do that; you have got an electric burn, and they are 
notably difficult to heal. This has taken six and a half weeks 
to-day. But that view, I think, is negatived by a case reported, 
where a girl at Oberlin College was made the subject for exami- ’ 
nation through the chest, and her clothing was not removed, and 
yet she suffered from a very extensive, large ulcer and had to go to 
the hospital and stay there for treatment for quite a while. The 
doctor who had charge of the case told me of it and said it was a 
very angry looking sore indeed, and the astonishing thing was 
that it was accomplished through her clothing. Now if it had 
been electrostatic or ozonio, or in accordance with other theories 
that have been put forward to account for it, I don’t think it 
would have occurred through the clothing. It must have been 
the radiation ; but whether it is the radiation of Kontgen or some 
other kind of radiation is another question, and that is still open. 
It seems to me that what is likely to produce it is the lower rays; 
not the ones that go through metal but those of the lowest order, 
and this seems to he indicated by the fact that it stopped on the 
edges of the finger and did not reach the other surface. If it 
had been the rays that go through, I think it would have been the 
whole finger that would have been affected. It possibly has been 
a selection out of the lower rays, and if in examinations we could 
screen those off, perhaps we would have no trouble in this way. 

I must tell you a rather amusing incident in this connection 
which is somewhat of a joke on myself. We had a mouse caught 
about a week ago. I thought, now, here is a good subject; per¬ 
haps I can take the hair off him. So I put him in a very small 
wooden box with sides about an eighth of an inch thick and 
exposed him foran hour to a very intense source of rays through 
the wood of the box. I put the mouse away in another box—I 
did not want him to run around in the first and get out of the 
sphere of influence—1 put him in another box and had a little 
glazed cover so he could get air and I could see him inside. I 
put him on a pretty high shelf in the hall at the house. One 
night I was writing at my desk at about eleven o’clock when I 
heard a noise that made me think the clock was getting ready to 
strike. As soon as I got ready, I went out and there was the cat 
on the shelf—and the mouse gone. If we ever see a hairless 
mouse around the house after this we will know what was the 
•cause of it, 

I do not know that there is very much else in this connection 
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that I can say. I did not intend to speak about theory, and I 
will give place to others. If anything occurs to me later, and 
there is an opportunity, I may add something. 

Dr. M. I. Pupin After a discussion of this subject by two 
such men as Professor Rowland and Professor Thomson, it is 
difficult to add anything. They have certainly said a great deal 
about it. They both confessed their ignorance of the subject, 
and five minutes ago I wondered how much more they would 
have said if they had known something about it. A few 
more words only can be added concerning the experimental 
side and still fewer concerning the theory. 

When the discovery was first announced here, I, of course, 
was just as anxious as everybody else was to make myself 
familiar with the new radiation. But I had neither an induc¬ 
tion coil of an effective size nor Crookes tubes, and so I used 
the high-frequency coil and vacuum tubes without internal 
electrodes; the results obtained were good enough for that 
time and I was perfectly happy. Professor Lodge confirmed 
my work regarding the possibility of obtaining Rontgen rays 
by tubes without internal electrodes. The experience which I 
obtained with the high-frequency coil was not a pleasant one, 
because it used tbe tubes up too rapidly. In fact, after 
exhausting my stock of electrodeless tubes I obtained some 
genuine Crookes tubes, and managed to break most of them with 
the high-frequency coil. Then I thought I would change my 
generator for the sake of saving tubes ; so I borrowed a six- 

? late Holtz machine and some Crookes tubes from Professor 
)oremus of the College of the City of New York and 
obtained rather good results in this way. In fact at that time 
I thought that the Holtz machine was very much better than 
anything else. I had not yet tried a good induction coil. But 
even now I agree perfectly with Professor Thomson, that the 
influence machine of large output would he an ideal machine, 
only it is too expensive a piece of apparatus and perhaps some¬ 
what too bulky. An induction coil proved, so far as my experi¬ 
ence goes, more satisfactory than anything else—an induction coil 
of large output—so that one can always have reserve power and 
can call upon it when he may choose. 'Now it seems to me that in 
the use of the induction coil there is a great deal of difference of 
opinion as to the modus operand!. I have used as many as 120 
breaks per second, and others have used 200 breaks per second : 
and I have used also a rotary current interrupter, thinking—and 
I believe ray opinion was correct—that a rotary current interrupter 
would avoid sparking, and give a much cleaner break than a 
vibrating current interrupter. Yet I have seen most creditable 
work done by ordinary vibrating interrupters, where the number 
of interruptions was not more than 10 to 15 per second, or even 
less. I am not very, sure that it is quite dear why a small num¬ 
ber of breaks can evidently produce just as good effects as a large 
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number of breaks, both employing the same spark-length . This 
seems to me to be the most important practical point to investi¬ 
gate, because it is by the solution of the problem of producing the 
X-rays in the most efficient way that we can expect to solve a 
great many other pending problems, like, for instance, the attempt 
which Professor Thomson described here for increasing the 
wave-length by successive diffusions. In this case the chief diffi¬ 
culty would be that we would have to use substances like 
paraffin, wood and so forth for the diffusion effects, because as I 
demonstrated last spring 1 , insulators, as a rule, especially wood 
and paraffin and so on, are the best diffusers, but at the same time 
the best transmitters of the X-rays, so that only a small propor¬ 
tion of the X-rays are diffused by the substance, and if you use 
successive diffusions there will be after three or four diffusions 
very little left to experiment with. Hence the necessity of pro¬ 
ducing the X-rays in as large quantities as possible. Now there 



is no doubt that a certain quantity of energy per second must bo 
sent through the Crookes tube in order to produce the beat 
effect, and the question arises whether wo are to follow what 
may bo called the homeopathic or the allopathic way of sending 
that energy through the tube. That is to say, you can send f> 
watts in doses of one one-hundredth part by 100 breaks per sec¬ 
ond, or we can send these 5 watts in doses of one part at a time 
by having only 5 breaks, and then the question arises, in which 
ease will we get the best effect? Preliminary experiments that 
I have made so far (but I have not done much lately on account 
of illness) seem to show that up to a certain limit the best way is 
to use large quantities of energy at large intervals and not small 
quantities repeated in rapid succession. 

Now as to diffusion and specular reflection of the X-rays. 

1. Science % April 10, 1896, 
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Last spring I was trying to produce a reflection of the X-rays at 
about the same time other experimenters were doing the same 
thing, both in this country and abroad. Some of these men 
obtained what they supposed to be regular reflection. The 
method of procedure, as you all know, was to place a polished 
reflecting plate at a certain angle to the X-rays, and then place 
perpendicularly to the direction in which we would expect the 
X-ray beam to be reflected, a photographic plate, and if an image 
is obtained, that would be some sort of a proof that the X-rays 
were reflected. At that time it struck me that this does not 
constitute a valid proof that the X-rays are reflected, since diffus¬ 
ion would produce a similar effect. In all experiments of this 
kind, the effect of regular reflection will be very much masked by 
the effect of diffuse reflection, and now permit me to say a word 
or two on this point and also to suggest away in which this ques¬ 
tion may perhaps be decided. Suppose that we have a tube at 
a, Fig. 3, so that the X-rays will proceed along a b and a cl Say 
that we have a slit at d and allow only the part of the X-rays 
which go through this slit to strike a polished surface b c. Then 
if we place a photographic plate at e f, say near to the angle in 
which we expect regular reflection, we should obtain an image of 
this slit at g A, that is to say, the maximum density of the radia¬ 
tion received by the plate ef will be somewhere between g and A. 
But we might obtain a similar maximum even if regular reflec¬ 
tion does not exist; for if the strip b e is diffusing perfectly, that 
is, somewhat as an illuminated wall diffuses light, then the maxi¬ 
mum amount of diffusion wall be in a direction perpendicular to 
the plate b c, and the amount of diffusion in any other direction 
will be equal to this maximum multiplied by the cosine of the 
angle included between this direction and the normal to b c; in 
other words, the diffusion follows Lambert’s law. Now a sim¬ 
ple consideration will show that the maximum amount will be 
received by a strip along g A where we get a maximum by regu¬ 
lar reflection; so that the maximum at g A does not by any 
means indicate that there is regular reflection ; because, as I said, 
diffusion will also give a maximum there. Now, suppose that 
both diffusion and regular reflection exist; then the two effects 
would be superposed there, and we would not know how much is 
due to regular reflection and how much is due to diffusion. If, 
however, we use at b c instead of a plane reflecting plate, a spherical 
mirror A, c, d , Fig. 4, and allow the X-rays a b,"a d to fall on this 
spherical plate, then the part which is diffused will be brought to 
a focus at the centre e of this mirror, because a radiation by 
diffusion is always maximum normally to the elements of the sur¬ 
face, that is, if it is diffusion like the ordinary diffusion, and that 
it seems to be according to my experiments ; whereas the rays 
that are regularly reflected would be brought to a focus at a dif¬ 
ferent place, somewhere in the vicinity of the point f. In that 
way we could separate the two, and also by measuring the time 
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of exposure at tlie points c and/get approximately the compara¬ 
tive strength of tlie two reflections. 

The subject is sufficiently interesting to deserve a careful 
experimentation of this kind, although, of course, it would be 
very difficult to produce desirable effects, because if we use a pol¬ 
ished mirror like a speculum-raetal mirror and allow only a small 
amount of X-rays to fall on it, reflected radiation is extremely 
small and the time of exposure would have to be excessively 
long. Still I think that the effects can be produced, and I 
intend, as soon as my health will permit, to make experiments of 
this kind. 

Now as to the theory. With your kind permission, I ven¬ 
ture to add a few words to what Professor Rowland f ha$ 
already said, and wish to call particular attention to some of 
Professor Helmholtz’s theories. This is the more desirable 
as one of these theories has been criticised lately rather harshly 



Fig. 4. 


by Mr. Oliver Heaviside, owing undoubtedly to. a misunder¬ 
standing on his part. Among the various theories suggested 
last spring to account for this X-ray radiation there was one 
which Professor Rowland did not mention, but which I shall 
briefly describe, because it resembles somewhat closely the 
theory proposed by Professor Stokes: namely, the theory that 
in the X-ray radiation we may probably have a sort of circu¬ 
lating motion of the ether. You know that according to 
Maxwell’s electro-dynamics the stresses in the electromagnetic field 
are distributed in such a way as to produce a pondermotive force 
acting on the ether, and this pondermotive force is, as a rule, 
counterbalanced by the incompressibility of the ether ; so that, 
as a rule, there is no motion of the ether under the influence of 
this force. For instance, a rubber ball when it is compressed by 
a uniformly distributed normal surface pressure, counterbalances 
this pressure by its elastic reaction and there is no motion ot the 
rubber ball as a whole. Helmholtz was the first to propose 
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the question whether it is possible that the ether should move 
bodily, owing to the action of pondermotive forces not balanced 
by its irnco impressibility. It is not necessary to go into any 
detailed discussion of' what would happen in the ordinary mag¬ 
netic field. I will only mention the ease which Helmholtz dis¬ 
cussed, namely, the case where there is no ponderable matter in 
the ether. Suppose that we have a space containing no ponder¬ 
able matter ; the question arises then, can there be such a distri¬ 
bution of stresses, or in other words, of electric and magnetic 
forces, as to produce a motion of the ether there. Helmholtz 
gave an answer to this question and proposed—this was in 1893 
to go into an additional discussion of the same problem, but 
unfortunately he died in 1894. This is the answer which he 
gave: Suppose that there is motion of electromagnetic energy; 
then say that the velocity of this motion in a given direction is p, 
then the pondermotive force acting upon the ether in that direc¬ 
tion is proportional to -J?. This force is not counterbalanced by 
d> t 

the incompressibility of the ether and therefore will produce 
motion of the ether. 

Let us suppose that this space is a Crookes tube. We have 
then an approximation to a part of an electromagnetic held in 
which there is no ponderable matter. Let us accept the hypoth¬ 
esis which is so well supported in England, namely, that the 
cathode rays consist of negatively charged particles, moving at 
very high velocity, we shall have then as soon as the spark 
breaks through between cathode and anode, and negatively 
charged particles begin to move from the cathode, a motion of 
electromagnetic energy, and it can bo easily calculated, and 
was calculated for a single charged particle by Professor J. J. 
Thomson in the first chapter of his book on “ Recent Re¬ 
searches in Electricity and Magnetism.” The motion of that 
electromagnetic energy is in the same direction in which the 
particles move. The" lines of force of the magnetic field pro¬ 
duced by a motion of a charged particle are meridian circles 
to which this line of motion is an axis. Lines of electric force 
are everywhere perpendicular to these circles. Energy moves 
along lines which are perpendicular to the electric and magnetic 
lines of force.. We have then, when a negatively charged parti¬ 
cle begins to move from the cathode, a beginning, of motion of 
energy!—the velocity changes from zero to a certain very large 
quantity. Therefore we ought to get, as soon as the discharge 
commences, a pondermotive force which tends to move the ether 
in the direction of the cathode rays, and this force will be the 
more intense the more disruptive the discharge is. When the 
negatively charged particle strikes an obstacle, say the glass wall 
of the vacuum tube or the anticathode, we should have then the 
energy flux changing from a very large value to a certain very 
email' value. We get then again a force tending to move 
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the ether in the direction directly opposite to the cathode rays. 
According to this view the cathode and the surface struck by the 
cathode rays become the seat of points from which radiate forces 
tending to produce a bodily motion of ether. Whether they 
really produce an actual motion of the ether or not, and what the 
nature of this motion is—-these are questions which can bo 
decided by the coordination of experimental facts derived from 
the study of the X-rays. This possible view of the X-ray 
phenomena was suggested by me in an article which I published 
in Scisnm of April 10th, iS90, and I still consider it worthy 
of some consideration, although I must admit frankly that in our 
present state of knowledge of the physics of X-rays, very little 
weight only can he attached to any theory. 

There is another view which I wish to discuss briefly, and that 
is the view offered by Helmholtz’s electromagnetic dispersion 
theory. You have beard it mentioned that the X-rays are in all 
probability ordinary light of very short wave-length. Then, ac¬ 
cording to Helmholtz’s dispersion theory, these wave-lengths may 
be so short as to suffer neither % refraction nor polarization by 
ordinary matter. Let us see whether this theory explains how 
we should be able to produce these rays of excessively short 
wave-length by the electric action in a vacuum tube. Lveiy 
dispersion theory which explains how a substance will act with 
respect to certain waves, must also at the same time be cap¬ 
able of explaining how these wave-lengths can be produced. 
Otherwise it does not completely fulfil its function. The 
llelmholtzian theory differs, in my opinion, radically from all 
other electromagnetic theories of dispersion in this way: Some 
of these theories proceed from no definite physical basis, but 
start with tentative mathematical assumptions. The physical 
basis of the others may be obtained somewhat as follows: Sup¬ 
pose that we have an electric system consisting of say seven 
parts, each part containing self-induction, capacity and ohmic 
resistance. This system of electric conductors is a vibratory 
system, and if disturbed by an electric impulse it would become 
the seat of electric vibrations, not vibrations of a single period, 
but of seven different periods. That is to say, in each ot the 
seven conductors we should have an electric oscillation composed 
of seven singly periodic vibrations, i he amplitude of each par¬ 
ticular frequency in any conductor depending, ol course, on the 
constants of that conductor. A system like that when distuibed, 
will send forth electrical waves of seven different wave-lengths, 
and if we could use suitable means like prisms, we should get 
if the waves are sufficiently short; an electric spectrum, because 
of course, for each of the'seven different waves the prisms will 
have n, different index of refraction. Now suppose that we 
diminish the size of this electrical system until wo get to molec¬ 
ular dimension, we would then have what may be considered a 
molecule consisting of the component atoms, each atom, as it 









429 


TEE RONTGEN HA Y. 


[Dec, 16., 

were, having all the electrical properties of an electric conductor, 
namely, self-induction, resistance and capacity. Each molecule 
would then have a multiple period of vibration ; and therefore 
capable of sending so many different wave-lengths, which sent 
through a prism, would give a spectrum of the molecule. 

Now several of the more important dispersion theories to-day, 
are based on physical conceptions of this kind—that the mole¬ 
cules consist of component parts, and each component atom, is 
in a certain sense an electric resonator, having the properties 
of self-induction, capacity and resistance. This assumption 
forms the weak point of these theories. Now the llelmholtzian 
theory is radically different in that it makes no assumptions, of 
this improbable kind. The physical basis of the llelmholtzian 
theory is suggested by the experimental fact which is the founda¬ 
tion of modern electro-chemistry, the fact namely, that to every 
valency of an atom, there is a definite quantity of electricity 
attached, and that therefore in a molecule we have.in each com¬ 
ponent atom a perfectly definite quantity of electricity.. Then, 
according to Helmholtz’s theory, if there is electric force in 
the ether* say an electric wave, that electric wave will act upon 
the molecule by acting upon the electrical charges which are 
attached to the valencies of each component atom. . Such a 
molecule when disturbed will become the seat of electric vibrations, 
not vibrations such as take place in an electric circuit, but vibrations 
which we get by causing a charged body to oscillate. This kind 
of electric vibration in the molecule is determined not only by the 
electric relations between the component atoms, but also by the 
mass of the atom, and also by the mechanical force acting 
between the atoms in the molecule. Helmholtz’s theory dis¬ 
cusses these vibrations in a bipolar molecule, but it is not at 
all difficult to see what would take place in a more complex 
molecule. A. molecule consisting of say a thousand atoms 
would have a thousand different periods of oscillation. In 
fact each atom in the molecule vibrates with a complex harmonic 
vibration, consisting of the superposition of a thousand simple 
harmonic vibrations of different periods. Some of them may be 
very high and some very low, comparatively speaking; and 
whenever an electric wave of a periodicity corresponding to one 
of these periodicities strikes the molecule, there is resonance; 
that is, the wave is very much absorbed. The index of refraction 
of a wave passing through a substance having resonating molecules, 
will be quite different than the index of refraction for waves 
which awake no resonance in the molecule, since both the index 
of refraction and the coefficient of absorption for a given wave 
depend on the resonance relation between the wave and the 
molecule. 

This short account of the dispersion theory suffices to prepare 
us for an explanation of the manner in which these very high 
frequencies and the accompanying excessively short waves which 


1896.] 


,4 TOPICAL DISCUSSION,\ NEW YORK. 


42 T 


would correspond to the Rontgen rays could be generated by the 
discharge in a vacuum tube. Consider a vibratory system consist¬ 
ing of a thousand different but interconnected parts. It has a 
thousand different periods of vibration, and each component 
part will vibrate with the. same complex harmonic vibration 
consisting of a thousand simple harmonic components. The 
relative values of the amplitudes of these simple harmonic 
components depend altogether on the manner of ^ excitation. 
Take a bell, for instance. If you strike a bell with a small 
hammer and give it a very sharp tap you will bring out the high 
shrill notes in the bell. That is the higher vibrations will be 
brought out more prominently than the lower ones. In the 
same way if a molecule is excited by striking the molecules 
against each other, as occurs during the molecular motion which 
corresponds to sensible heat, then the higher the temperatuie, 
the quicker, the sharper will be the tap, the stronger will be the 
higher vibrations. This is the generally accepted explanation 
for the shifting of the spectrum energy toward the blue end as the 
temperature increases. In the Crookes tube we in all probability 
have the best method of exciting the very highest vibrations; 
because here the negatively charged particles which are torn off 
from the cathode are moving with enormous velocity, and where- 
ever thev strike an obstacle, say the glass of the tube oi the 
Bum plate of the anode, there they produce an impulse of the 
very highest degree of sharpness, very much sharper than any 
existing temperature has yet been able to produce. The ampli¬ 
tudes of the very highest vibrations in the molecule are made 
prominent, and they manifest themselves as the X-rays. But it 
the X-rays are really transverse vibrations, then we should m all 
probability along with them have other vibrations of lower period 
also, but onlv weaker, just as in the ordinary excitation by means 
of the electric arc or by a Bunsen burner the amplitudes of the lower 
vibrations are brought out prominently, but the higher vibrations 
are also present but only much weaker. 

Helmholtz’s theory was criticised lately by Mr. Oliver Heavi¬ 
side, but unjustly, owing undoubtedly to a misunderstanding on 
Mr Heaviside’s part. Mr. Heaviside applies a peculiar test to 
this theory; the test, namely that the system of mechanically 
vibrating ions should satisfy certain conditions which exist m an 
electrical svstem composed of coils and condensers, such as I have 
described above. If we examine a little more closely we will see 
that the Helmholtzian theory, although it is not called upon to 
satisfy conditions of this kind, does actually satisfy them, pro¬ 
vided, however, that a single mistake, which was corrected a year 
ago by Dr. Reiff, is corrected. This mistake does not affect the 
main results of the Helmholtzian theory, and there was no 
necessity to worry so much over it as Mr. Heaviside did, especi¬ 
ally when there is danger that his criticism might produce the 
impression that the Helmholtzian theory, which was brought out 
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very prominently in connection with the X-ray phenomena, 
might have some weak and inconsistent point in it, and therefore 
might be misleading. It is not so, but on the contrary it is one 
of the most beautiful and most suggestive theories in this 
connection. 

Dr. A. E. Kennelly :—Mr. President and Gentlemen :—I 
have been so much fascinated with the delightful remarks we 
have heard this evening from some of the earlier speakers, that I 
only regret that in a weak moment I consented to join in this 
discussion, and that I have so little to add to it. 

Just one word about the theory of the subject. Whatever may 
be the nature of the Rontgen ray, it must be either a bodily move¬ 
ment of matter, or a movement of a disturbance in matter, or a 
bodily movement of ether; or, finally, a movement of a disturbs 
ance in ether. As regards the first supposition, that X-rays are 
streams of matter in. motion, or of projected molecules, there is 
an experiment which seems to negative it. A Crookes radio¬ 
meter vane does not, as far as I have been able to disco ver, recede 
from an excited Rontgen ray tube. One would suppose that it 
would be powerfully repelled, if X-rays were bombarding streams 
of particles. 

As regards the three remaining hypotheses, it is to he hoped 
that future researches will show that X-rays arc ultra-ultra-violet 
light rays. Not only would this be the simplest conception that 
we can at present frame, since it would only call for further 
extension of the spectrum, but it would also keep X-rays within 
the limits of electro-magnetic waves and in the immediate prov¬ 
ince of electricians. 

In reference to the applications of X-rays, I have made a few 
experiments, in conjunction with Professor Houston, upon the 
perception of X-rays by the blind. These experiments seem to 
show that where the mechanism of the retina has been destroyed, 
leaving the optic nerve in a useless or atrophic condition, no 
X-rays are perceived. When the mechanism of the eye is intact, 
but the optic nerve is deranged or paralyzed, some visual concep¬ 
tion may he obtained by the stimulus of X-rays. When the 
optic nerve and retina are both intact but the cornea is deranged, 
the fluorescent effect of X-rays upon a calcium tungstate screen 
held before the eyes, excites the visual sensation in the ordinary 
manner to a large degree that depends upon the corneal opacity. 
It would seem, however, although it is not certain, that the 
•corneal opacity may itself feebly serve as a fluorescent screen, 
and that X-rays filtered through wood or pasteboard falling on 
some eyes that are corneally blind produce a faint visual sensation 
•of diffused light. 

Mr. Max Osterberg :—I have only a few words to add. and 
those words are practically in connection with remarks made by 
Prof. Thomson and afterwards discussed by Dr. Pupin. They are 
in regard to the amount of energy necessary, and furthermore in 
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connection with the kind of vibrator used on the induction coil. 
We might add jnst one more condition and then the subject will 
be a little plainer. Let us differentiate between an investigation 
which we want to perform by means of taking a picture, and one 
where we simply wish to make an investigation with a lluoroscope. 
Of course, 1, like the others, have generally used mv bones, because 
they were in most cases handier than coins. I always had them 
with me. The question of energy, to my mind, is simply this: 
In the first place we want the energy to be in the primary circuit 
of our induction coil. In the second place we want this energy 
in the secondary of the induction coil. In order to get it into 
the primary, it is necessary that we have a large induction coil ; 
that we should charge the induction coil for quite some time. 
In other words, the make should be rather long, while the break 
should be very disruptive. We cannot possibly produce a very 
long, or comparatively long make with a very short break on an 
ordinary vibrator; and consequently we are forced to use a ro¬ 
tary circuit-breaker where we can make the length of charge just 
as great as we choose. So far as the breaking is concerned, it 
appears that the most essential point is that this break should be 
disruptive. In a lluoroscope investigation this would hurt the eye 
very badly, because there would be constant flickering. I have 
tried several times to close the circuit of the primary for some 
time and then break very suddenly. I found at those times that 
the lluoroscope would iluoresce considerably—in fact, a great 
deal more than it would if I kept the rotary vibrator or the 
ordinary vibrator on the circuit. But, of course, if you want to 
take a picture, and if it is true that we only get the real X-ray 
effect at the moment of break, then it is practically a question of 
length of time of exposure. If the ordinary vibrator gives us 
a considerable effect, we might as well have the ordinary vi¬ 
brator and expose a greater length of time. But if we can put 
more energy into the primary circuit with a rotary vibrator, we- 
might better do that. 

As to the energy in the secondary, it seems to me that it 
should he properly distributed. There are three places through 
which the energy in the secondary of the induction coil is illus¬ 
trated : First, in the secondary of the coil, then in the leading 
wires, and finally in the tube. It is found that unless the tube 
works at its very best condition for the production of these ^rays 
that there is considerable brush discharge along the wires. This 
cannot be regulated very well because we do not know how to 
regulate the tube ; hut it can be regulated by changing the lead¬ 
ing wires. 1 think Dr. Pupin was the first one to suggest that, 
and I believe he must have been arguing in the same direction 
when he made the suggestion, and that is to introduce an air- 
gap in the leading wires from the secondary to the tubes. . 11ns 
air-gap then will, of course, be one. of the parts of the circuit, 
and that can be varied from a very small fraction of an inch to 
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quite a considerable length. In that case the brush discharge 
is practically nothing, and the tube can be constantly kept at a 
certain constant fluorescence of activity. 

The next question is that of the alternating current ve?'sus the 
direct. I meant to say something on that subject, but Prof. 
Thomson has cut me short somewhat, because he outlined or 
rather explained the new method which had been suggested by 
Mr. Lemp and employed by him ; that is to use a direct current 
•or uni-directional current in the tubes. Of course, ordinarily this 
has not been done, but I think that up to the present, the alter¬ 
nating current would be very much inferior to the direct, for the 
simple reason that the anode and cathode being constantly chang¬ 
ing, there will be a constant disintegration of the platinum as 
soon as it becomes the cathode, and tins will tend to blacken the 
bulb, and therefore spoil the tube rather quickly. The direct cur¬ 
rent, furthermore, will be constantly acting in the same direction, 
while if the alternating current acts twice, the frequency would 
practically correspond only to one-half the number of makes and 
breaks on the direct circuit, and in that way the time of charging 
the primary coil would be doubled by using the direct current, or 
it would only be half the amount by using the alternating current. 

Prof. Rowland:— I made a few notes with regard to what 
has been said, but they are made in such a way that 1 do not be¬ 
lieve that I can interpret them myself, especially as the hour 
seems to be getting rather late. One or two remarks, however, 
I would like to make. When Prof. Thomson said that he got 
such a large amount of rays from an insulated piece of platinum 
by letting the cathode rays fall upon it, he made a sketch 
(Fig. 1). With the exception of this end, which was flat, that is 
the kind of tube that I used. Now, there was absolutely no 
effect when this was made an anode and this a cathode, so 
that all the cathode rays were striking on the platinum. I have 
the photograph; I got no effect whatever. Now, if Prof. Thom¬ 
son got an effect in this case and I did not get an effect in that 
case, I have got a case, at least, where none of these rays were 
produced by the fallng of the cathode rays upon the object. It 
doesn’t make any difference how many other persons have 
something in which they do get an effect. If I did not get an 
effect, that is one case, understand. That is the case where the 
cathode ray fell on an object and I got no Rontgen ray. If 
other people got them in other ways, why, there is some other 
disturbance coming in. I don’t know what it is. 

Prof. Thomson: — I should like to say just there, professor, if 
you would allow me, that I used exactly that arrangement first, 
and got rays with the concave cathode. The anode at this end 
and the interposed plate of platinum between, with that wire 
extending outward, is the standard form of Crookes tube—the 
first tube, in fact, that I used. I got not only sharp effects but rays. 

The Chairman: —-Was the platinum red? 
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Prof. Thomson :—The platinum was red—yes, of course, and 
it was a vigorous source of rays. I got raj's with the same tube 
that Professor Rowland does not get them. 

Prof. Rowland :—Well, that has nothing to do with the 
point. The point that I raise is this, that there was certainly 
no doubt that I did not get any, and the cathode rays were fall¬ 
ing from the object. "That is the thing. Now, one thing 
that I wish to remark is that most people draw a tube like that. 
They don’t say where the wires go. Mine generally went out, 
so that they were very far away from this object. . By curv¬ 
ing wires around in different ways I can get an inductive action. 

I don’t doubt that I could fix up a tube so that I could get lots of 
rays out of any part. However, the time is passing, and 1 
will just say one word with regard to the point Prof. Thomson 
raised with regard to the fluorescence over the surface of the 
glass. He thought something was stopped by the glass. I must 
say that Lenard," when he first experimented upon this subject— 
and I regard his experiments as quite as valuable as Rontgen’s, 
probably—, he got several kinds of rays coming out through an 
aluminium window. He got rays which were deflected by the 
magnet, as well as others. He had not separated them how¬ 
ever. When the Lenard paper came to the laboratory I remarked 
to my students : “ That is the best discovery that has been 

made in many a day.” I immediately set somebody to work ex¬ 
perimenting. He tried to get some results and would probably 
have discovered the Rontgen rays at that time if it had not 
been that the University of Chicago called him off, and Johns 
Hopkins University was very poor and could not call him back, 
und he had to stop in the midst of his work. They always say 
in Baltimore that no man in that city should die without leaving 
something to Johns Hopkins. Now, Dr. Pupin mentioned a 
means of showing whether the rays were reflected—a little re¬ 
flector in which he had them brought to a focus, as I recollect it. 
I have read an account in which an experimenter did find the 
rays were brought to a focus, showing, provisionally at. least, 
that there was some regular reflection. But these experiments 
should all be repeated many times before one actually believes 
them. We don’t always believe what we read. 

Now, as to Helmholtz’s theory of the motion of the ether and 
s0 on—well, as I said before, what is the motion of the ether ? 
What is motion of the whole ether? You cannot move the 
ether in the whole universe all at once, and if you do not move 
the ether in the whole universe all at once but only move a part, 
then it is a wave, so it amounts to the theory that I gave—an 
impulse, such as Stokes had. Now, an impulse such as Stokes 
had does not go in a straight line—it goes around corners—and 
it does not go in a straight line unless there are lots of waves 
eoming out. We can readily prove that an ordinary molecule, 
vibrating to ordinary light, must give o ut a hundred thousand 
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waves without much diminution of amplitude, or else you cannot 
have the sharp lines in the spectrum that we do. The molecule 
must vibrate a long time—longer than any bell that we can 
make. We cannot find a bell that will give out a hundred thou¬ 
sand vibrations without much diminution. For etherial waves 
something must vibrate to produce them. What it is I don’t 
know that there is any necessity for discussing, because you can 
discuss it forever and never get any nearer to it. ^Something 
vibrates. Now the thing that vibrates we don’t know. We 
don’t know whether it is electricity or whether it is mechanical mo¬ 
tion. We know nothing about it. I have often said to my stu¬ 
dents, when I showed them the spectrum of some substance like 
uranium, in which we were taking photographs which would be 
perhaps ten feet long—so tine in grain that you could not put 
the point of a pencil on it without finding a line. There were 
thousands of lines. I said to them : u A molecule of matter is 
more complicated a great deal than a piano. Counting the over¬ 
tones and everything, you would not probably get up anywhere 
near the number of tones you get out of a single molecule of 
uranium. Therefore it rather looks as if the uranium molecule 
was very complicated.” Of course, all those spectrum lines do 
not indicate fundamental tones—many are harmonics. Still it is 
rather a complicated thing to get a spectrum in which there are 
many thousands of lines. So when I come to think what a 
molecule is and try to get up some theory of it, I quite agree 
with Dr. Pupin that we don’t know anything about it. 


Prof. W. M. Stine :— {Communicated .)—In the early stages of 
these investigations, we were compelled to work by conceptions 
of the nature and conditions for the production of Kbntgen 
rays, based largely upon a priori reasoning, and the contradic¬ 
tory views held to explain the varied phenomena of low vacuum 
tubes under electrical excitation. The battle of opinions which 
has waged almost ceaselessly since then, has left the question 
very nearly in the same conditions it was received from Itontgcn 
and his immediate predecessors. That one, is both ignorant and 
careless who affirms that no progress lias been made, no additions 
added to Kontgen’s observations; but there is no greater defin¬ 
iteness of views concerning the nature of these newly discovered 
rays. The only gain here has accrued from the process of exclu¬ 
sion though we do not know what the ray is, we have learned 
that it is not to be classed with a few weird light phenomena. 
The battle of the physicists has been a curious struggle; but, as 
usual in the history of science, prejuduee, prepossession and con¬ 
servatism made a vigorous showing, and have scarcely yet real¬ 
ized their defeat.* Again, as has often been shown, many 
scientists had recourse to evolution from their inner conscious* 
ness, fled to man-built conceptions of how the universe was con- 
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stracted, followed tlve leadership, in spirit, of Aristotle, instead 
of emulating Faraday, in a direct appeal to nature. Never has 
the intellectual world been presented with a clearer evidence of 
the futility of theoretical systems of natural philosophy. It has 
been forgotten that Maxwell succeeded Faraday, and that his 
self-confessed merit was that he was enabled to give exact quan¬ 
titative expressions for those physical facts and relations which 
owed their discovery to that splendid genius which had so suc- 
cessfu lly < j u est/i oned nature. 

It is in the spirit of this direct appeal to nature that the at¬ 
tempt is here-made to present results of experiment and observa¬ 
tion, and they are offered for the reason that they have received 
such uniform confirmation. They can probably be best presented 
by studying the tube historically. The results here stated were 
obtained from both foreign and domestic* tubes, including a great 
variety, both in size and design. 

It will be assumed that the tubes are in all cases excited from 
an induction coil, in which the condenser has been adjusted to 
best conditions of resonance, and that a continuous current is 
employed, interrupted at least 50 times per second. 

The tube, as received from the maker, will produce the ray 
vigorously for a time, but if the excitation be very powerful, it 
will shortly break down and cease to emit the ray. What is ob¬ 
served during the break-down is a bluish purple halo which 
makes its appearance at the cathode, and a halo at the anode as 
well, though this is grayish in tint. Gradually the blue halo 
lengthens out into a pencil, extending from the centre of the 
cathode towards the impact surface, and in a short time the pen¬ 
cil extends completely from the cathode to the impact plane. 
As soon as the blue line is seen to do this, the tube fails to emit 
the ray when viewed through the thioroscope. Following this, 
the tube slowly fills with a bluish liirht to a greater or less extent. 
This “ dead 11 period of formation will last for hours, the time 
being usually shortest in such tubes as are provided with a large 
anode surface, in addition to the metallic impact planed As the 
u formation ” reaches completion, the fluorescence of the tube 
becomes a brilliant greenish-yellow. The halo about the anode 
disappears from its face, ami is seen as a faint blue light in its 
rear; the pencil of blue light has also disappeared, though there 
may still he a faint halo in front of the cathode. During this 
period the resistance of the tube has greatly increased, it having 
fallen to a, low value during the break-down. The fl Horoscope 
now glows brilliantly, but the rays have scarcely any penetrating 
power—a hand placed in front shows only in outline, scarcely 
any details of the skeleton being visible. 

A phenomenon is now marked in the focus .tube, which per¬ 
sists throughout its life, and may be termed the impact plane of 

l.**R0n4wn Ray Tubes,” by the author, Electrical World , Oct. 3, 1896, 
p. 883. 
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the raj". This is very clearly defined on the walls of the tribe, 
and sharply marked on the screen of the fluoroscope. Its very 
sharpness of outline is an extremely significant fact which has so 
far received only the barest mention. Further than this, the 
rays given off in this plane exceed in intensity those given off 
along any other plane, and if we differentiate penetrating power 
from mere intensity, this property is also most marked in the im¬ 
pact plane; but until satisfactory radiometric methods are de¬ 
vised it is useless to attempt to state any ratios. 

As the tube is continued in use it enhances, both in intensity 
of ray and penetrating power, the cathode and anode halos grow¬ 
ing continually less perceptible. 

After a time a period of decline sets in. The vacuum becomes 
extremely high, the fluorescence is scarcely perceptible, and the 
ray is weakly emitted, but its penetrating power has become so 
great that even the bony skeleton of the body becomes quite 
transparent. It is now customary at this stage to heat the tube 
ivith the flame of an alcohol lamp. As some erroneous state¬ 
ments have been made in this connection, the phenomena will be 
treated in detail. When the flame is first applied to the tube it 
darkens, being doubtless short-circuited by the aqueous vapor 
condensed on its surface. From time to time occasional flashes 
occur in the tube, but at length, with surprising suddenness, the 
entire bulb fills with the usual glow accompanying a highly act¬ 
ive state, and the rav is emitted with great power. If at this 
juncture the heat is not very cautiously applied, the vacuum will 
be quickly lowered to the point of breaking-down ; the impact 
plane will grow red hot, and the penetrating power of the ray is 
feeble. By deftly reversing the tube and manipulating the heat¬ 
ing, the vacuum can be controlled within wide limits. 

After a bulb reaches the point in use when heat must be ap¬ 
plied, it ceases to be dependable, and its useful life is about over. 
Its uncertainty is greatly increased if the bulb has become 
blackened by a deposition of platinum, which rapidly occludes 
the re man ant gases as they pass it in convection currents. To 
avoid this blackening, I have lately had the glass-blower substi¬ 
tute aluminium for the platinum of the impact plane. I have 
not found this change, so far, to affect the emission power of the 
tube, and besides, it lessens the cost. My experiments on com¬ 
parative emission power of different substances have not been so 
extensive as could be desired; yet I have found that a surface of 
glass is best adapted for rays of the highest penetrating power. 

In summarizing these experimental facts, is it not reasonable 
to assume that we may have some basis, some guidance, though 
slight, for aii explanation of the Rontgen ray ? 

The first significant observation is the behavior of the tube as 
the blue pencil of light becomes evident. Vacuum tube experi¬ 
ments have demonstrated almost to a certainty that such phen¬ 
omena are due to intermolecular collisions or impact; or, what 
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amounts to the same thing, that the mean free path of the mole¬ 
cules is short. As the vacuum lowers, this pencil grows in length 
.and brightness, its molecular path, all the while, shortening. 
Conversely as the tube builds up, the molecular path increases, 
until at the moment the ray reappears, there is good evidence for 
believing it extends from the cathode to the impact surface. 
This, then, is the one prime condition for the production of the 
ray. At the same time, it seems equally clear that there is with¬ 
in the tube a certain critical pressure of its contained atmosphere, 
requisite for the generation of the ray. But the mean free path 
from cathode to impact plane, and the critical pressure, are cor¬ 
relative conditions. The suddenness with which the activity of 
the tube is resumed upon heating, is thus explained. The inves¬ 
tigations of Rigi may be instanced in confirmation. He found 
that the critical pressure was some simple function of the dis¬ 
tance between the cathode and -impact plane. 1 But it has been 
found by many others that the shorter this path, the lower the 
working vacuum might be in the tube. 

The second significant observation is the sharp definition of 
the impact plane on the walls of the tube and the screen, or ex¬ 
posed dry plate. This is indicative that the ray is generated at 
the surface of impact or in its immediate neighborhood. Ex¬ 
perimental evidence all points to an impact surface for the pro¬ 
duction of the ray. If the focussing tube be accurately made, 
the principal impact is on the metallic anti-cathode; but what¬ 
ever be the shape of the tube, there is more or less - weak disper¬ 
sion of the charged molecules of the cathode stream ; and these 
impinging on almost the entire surface of the tube, constitute 
them a weak secondary source. Since the ray is produced only 
on impacted surfaces, and not in intermediate space, it follows 
that a mean free path is necessary to the impact surfaces. 

lieturning again to the principal impact surface, the usual pic¬ 
torial representations of tubes are very inaccurate. The path of 
the. cathode rays and the generated Rontgen rays is drawn as if 
it followed the law of incidence and reflection for transverse, or 
light waves. Here, again, is seen a further proof of the forego¬ 
ing statements. That the law of incidence and reflection is, not 
followed is because, at the surface of. incidence, there occurs a 
transformation of energy resulting in the generation of a specific 
vibration. 

Whatever be the substance of the impact surface, no true re¬ 
flection occurs from it; and if it shuts off the rays in any direc¬ 
tion, it does so by absorption. In this sense the material of the 
impact plane is without any influence on the distribution of the 
ray there .generated. Another matter of interest is the change 
which occurs when the metallic impact grows red hot. In all 
my experiments, I have invariably found that the result is to 

1. Jflectrical World , Sept, 26, 1896, p. 369. 



436 


THE HONTGKN HA Y. 


[I)cc. 10, 


lower the penetrating power of the rays. This may be due 
either to decreased amplitude or increased time of vibration, 
either or both being caused by the heating, which, driving off 
more occluded or impact gas molecules, and even the metallic 
molecules from the surface, lowers the vacuum ; the electro-static 
capacity of the tube decreases, the voltage at its terminals lowers, 
and the molecules of gas are projected from the cathode with less 
velocity. 

The question now arises, what is the hypothesis concerning the 
nature of these rays, which will best explain the observed facts 
here noted? The answer is beset on every hand with difficul¬ 
ties, but that which has best served to guide me has been one 
based on the vortex theory of atoms. But the difficulties here 
encountered are great. The vortex theory lias only received a 
partial mathematical development, and scarcely anything has 
been so far possible towards physical demonstration. 

In order to present these views, an assumption will be made— 
that the active molecules involved are vortex filaments. 
Whether such filaments are vortex rings of matter in the ether, 
or be simply ether in rotation, involves difficulties whose solution 
has scarcely begun. _ We will assume also the former condition. 

If such a vortex filament is to be endowed with the power of 
emitting the range of transverse vibrations which the light and 
heat spectra demand, let it further be granted that it may emit a 
certain range of longitudinal vibrations. If the ray suffer col¬ 
lision without great change of radius, the increase of its energy 
will give rise to transverse vibrations. This will account for the 
halos and pencil of blue light. If it be granted that intermolee- 
ular collisions of gaseous molecules do not result in great 
changes of radii, we have an explanation for the necessity of a 
mean free path from the cathode to the impact plane, as a con¬ 
dition requisite for the generation of the ray. Against such sup¬ 
position may be opposed the results of mathematical analysis 

The effect of the impact of such a ring on a fixed surface is 
thus described by Lord Kelvin: “When a vortex ring is ap¬ 
proaching a plane, large in comparison to the dimensions of the 
ring, * * * it begins to expand, * * * and will ex¬ 
pand out along the surface, losing in speed as it does so.” a 
There will be a period then when the impact or translational en- 
ergy is all absorbed in increase of radius 5 then will begin a series 
of harmonic vibrations of radial length, assuming the ring is not 
deformed circularly from the impact. What will be the result¬ 
ing strain imparted to the ether ? Would not a vibration rate be 
impressed upon the ether, and would not this be longitudinal ? 
This would only be possible in case the ether can suffer longitu¬ 
dinal displacement. 

1. ‘‘ Motion of Vortex Rings.” J. J. Thom8on, _ Part H ; also Part I, mTthe 
. vibrations of such rings. 

2. Nature , Vol. XXIV., p, 47. 
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What has been stated of the vibratory elastic properties of such 
vortex rings with respect to transverse vibrations, can be applied 
to longitudinal movement, that “the vibrations are influenced by 
the type of displacement and their restitution force, involving 
constants of space, time and mass. 1 ” 

. In the light of our present knowledge, such an hypothesis fur¬ 
nishes the only rational explanation of the influence of the hard¬ 
ness of the impact surface, conditions of excitation of the tube 
being the same, upon the penetrating power of the ray. For a 
given rate of translation of vortex rings, the less yielding the im¬ 
pact surface, the greater would be the radial increase, or, what 
amounts to the same thing, for a given vibration frequency, the 
amplitude would be greater. 

The modes of attack on the vital question, whether such rays 
are transverse or longitudinal, have been indirect ones. The 
question can not be settled until appealed to some such crucial 
test as spectrum analysis furnishes for transverse vibrations. 
Who is the genius who will construct for us a grating fitted to 
analyze longitudinal spectra, as Professor Rowland has so beau¬ 
tifully done for transverse vibrations? 

Mr, 0. O. Maiuloiix :—Before the audience disperses, I think 
it is only proper that we should emphasize the fact that we have 
been favored in a signal manner this evening in the discussion of 
the all-absorbing topic which bears such an important relation to 
the latest advance in the science of physics. This evening we 
have had worthy representatives of all the large cities within a 
radius of three "or four hundred miles. We have, to begin by 
the perhaps best known and most favorably known, Prof. Row¬ 
land, who represents one of the leading universities of the world, 
as the representative of Baltimore; Dr. Kennelly from Philadel¬ 
phia, and our own and only Prof. Elilui Thomson from Boston. I 
think that it is meet and proper that I should propose a vote of 
thanks to the distinguished—i will not say foreigners—but the dis¬ 
tinguished members from afar—for they come to see us so seldom— 
for the honor and the pleasure which ’they have conferred upop 
us by coming to meet with us this evening to add the light of their 
experience and knowledge (theoretical and experimental) in con¬ 
nection with this important matter; in which vote of thanks 1 
will include the distinguished home talent that has contributed 
to the enjoyment and enlightenment of the occasion, especially 
the representative from our own worthy Columbia University— 
Dr. Pupiu. 

The Chairman : — All those in favor of this very graceful 
motion will please signify it by saying aye. 

[The motion was carried.] 

1. J . Cleririfaxwrll, article on “ The Atom,” Bncy . Brit . 
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[Communicated After Adjournment By Charles T. 

Bittenhouse.] 

1 am in thorough accord with the sentiments expressed by Dr. 
Ivennelly in the course of his remarks on Wednesday evening 
last, to the effect that every endeavor should be made to co-ordi¬ 
nate the results of experiments with Bontgen rays with the gen¬ 
erally accepted theories of light, rather than to propose new 
theories,concocted without mature deliberation,likely to be upset at 
any moment by the announcement of some new phenomenon. It 
seems to me that it would be preferable to withhold opinions 
regarding the exact nature of Bontgen rays until a sufficient 
number of facts have been collected to form a basis for the 
advancement of a new theory. 

Allusion was made during the course of the discussion to the 
reflection of Bontgen rays, and apparently little credence is 
placed in the results of investigations thus far pursued in this direc¬ 
tion. The presentation of a conclusive proof of regular reflection,, 
although it would add little more to one theory than to another, 
still would be a most valuable contribution to our knowledge. 
Several investigators, both here and abroad announced in the 
early spring and since, that they had found Bontgen rays to be 
regularly reflected, but as many more contradicted these assert¬ 
ions so that the results as a whole have been discredited. 

Had an opportunity offered itself it was my intention to bring 
before the members present, the results of some experiments,, 
which although I do not consider absolutely conclusive, still 
indicate that regular reflection of Bontgen rays exists. These 
results I wish now to bring to the attention of the Institute, be¬ 
lieving that they deserve more careful consideration than they 
have apparently received thus far. The experiments herein out¬ 
lined were performed by Prof. 0. Is. Bood, of Columbia 
University, and described by him in Science of March 27th last, 
also before the Washington meeting of the National Academy of 
Sciences, and with important additions more recently in the 
American Journal of Science. In the second set of experi¬ 
ments, plane metallic surfaces of both platinum and speculum 
metal were employed as reflectors, and the effect produced on 
a sensitive .photographic plate by Bontgen rays compared with 
the effect obtained under the same conditions, but when using- 
ordinary light. The method employed was as follows : Bontgen 
rays from a vacuum tube were allowed to fall upon a vertical 
plane metallic surface at an angle of approximately 45 degrees,, 
thence reflected either regularly or by diffusion "to a sensitive 
plate protected by a screen,found impervious to the direct action 
of sunlight after an exposure of eight hours, and also by a plate 
of aluminium. In front of the plate holder was placed a wire net¬ 
ting. Direct action between the tube and the sensitive plate 
was prevented by interposing a thick metallic screen. O wing to- 
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the fact that the Iiontgen rays emanated from the tube in a di¬ 
verging beam, it follows that a large part of the reflecting sur¬ 
face should become a secondary source of radiation so that the 
entire surface of the sensitive plate should be affected. Thus the 
angle of incidence ranged from 30 to .60 degrees. As a conse¬ 
quence of the arrangement of the apparatus the vertical wires of 
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the netting produced a blurred image on the plate, due both to 
regularly reflected and diffused rays, while the horizontal wires 
produced a . sharp image, due to : the regularly reflected rays. 
Speculum metal although having a much smaller density than 
platinum,-in these, experiments gave, the ^harper horizontal lines. 
Professor Roqd, explained this fact as due-to its smoother surface 
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TEE RONTQEN RA Y . 


[Dec. 16, 


and freedom from pimples. The prints thus obtained I have 
examined, but they are too faint to admit of reproduction. 

The greenish light accompanying the Kontgen rays was now 
allowed to fall on a piece of white chalked paper that was substi¬ 
tuted for the platinum or speculum mirror, its size and position 
corresponding with that of the mirrors. From the chalked 



Fig. 6. 

paper it reached the naked sensitive plate and there produced an 
image by strictly diffused light. This image was totally different 
in appearance from that obtained by tlx© speculum mirror as it 
showed no trace of horizontal lines, they being replaced by broad 
streaks. It bore some resemblance to the Kontgen ray picture 
obtained from the platinum mirror, but still was different from 
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it. It is difficult to account for this result except on the suppo¬ 
sition that a portion of the Rontgen rays had in the experiments 
with the mirrors undergone regular or speculum reflection. 

In the third set of experiments a concave cylindrical mirror 
with a curvature not truly circular, was substituted for the plane 
mirrors which had been previously used, the object being to 
cause by specular reflection, a beam of light to produce blurred 
or doubled shadows on the vertical wires of the grating, and 
at the same time give sharp single shadows of the horizontal 
wires. The relation between the ordinary Crookes tube em¬ 
ployed and the cylindrical mirror and plate holder was such 
as to bring about this condition when ordinary light from the 
tube was used. If similar results could be obtained when 
Rontgen rays were substituted for ordinary light, it was highly 
probable that regular reflection of these rays exists. Fig. 5 is 
the result of the experiment. The horizontal lines although 
sharp as compared with the vertical lines, are accompanied by 
fainter parallel lines due to the Kdntgen rays which have suff¬ 
ered diffusion ; the vertical lines it will be noticed are broadened 
considerably, in sharp contrast with this figure, is Fig. 6 which 
was produced by the diffusion of ordinary light from a chalked 
surface under conditions exactly similar, with the exception that 
the sensitive plate was unprotected, to those present when 
Rontgen rays were used. Thus it will be seen that there are 
strong indications for believing that regular reflection of Rontgen 
rays exists. 

In conclusion it may be said that when it is considered that 
Rontgen rays most likely consist of vibrations of such small wave¬ 
lengths as to be comparable with the distances between the mole¬ 
cules of the most dense substances, it can scarcely be expected 
that regular reflection will take place to any large extent, but 
that dense substances having a most highly polished surface will 
still be as rough to these rays as a. badly polished surface^ to 
ordinary light. In other words, regular reflection and diffusion, 
are relative terms only, so that a given surface subjected to one 
mode of vibration behaves entirely different when receiving 
vibrations of a higher or lower order. 
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Henry Adams Craigin (Associate Member, June 6th, 1S93, 
Member, May 15th, 1894) was born at Boston, May 14th, 1867. 
He was connected with the Adams family of Hew England 
through Samuel Adams of Revolutionary fame, of whom lie was 
a direct descendant. 

He was graduated from the English High School of Boston, 
and entered the Massachusetts Institute of Technology in 1885, 
and was graduated in 1889, receiving the degree of Bachelor of 
Science in the course of mechanical engineering. During the 
years 1888 and 1889, in addition to his regular studies, he took 
the principal part of the course in electrical engineering, and his 
summer vacations were spent in connection with the United 
States Geological Survey, for which he was during the summer 
of 1889, assistant geologist. 

In the fall of 1889 he entered the shops of the Union Pacific 
Railway Company, at Omaha, Neb., and, working through vari¬ 
ous branches, became Section Superintendent, and afterward 
Chief Inspector of Railway Supplies, and Purchasing Agent. 
During his service with the Union Pacific Railway Company he 
travelled extensively over the system of that, and other western 
railways for the purpose of collecting data. He resigned his 
position with the Union Pacific Railway in 1891, and spent the 
summer of 1891 in travelling over the Western States and North¬ 
ern Mexico, studying railroad and other engineering problems, 
and inspecting a railroad in southern Texas for certain capitalists. 
During the years 1891 and 1892, he was Superintendent and 
General Manager of the Motor and Railway Company at Tacoma, 
Wash. He was also in the employ of the Portland Bridge and 
Iron Works, of Portland, Ore., for several months.’ 
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H. A. CRAIGIN-H. L . LUFKIN 


Electrical engineering had always been an attractive field to 
Mr. Craigin, and in the year 1892 he went to Pittsburgh in the 
employ of the Westinghouse Electric and Manufacturing Com¬ 
pany. The success of his labors with the "Westinghouse company 
.amply proved his abilities in this direction. 

In the year 1893 he was attached to the New York office of the 
Westinghouse company in the capacity of an electrical engineer, 
and was engaged in the selling and engineering branches of the 
business of that company at the time of his death, which occurred 
in the City of Mexico on November 27th, 1896. He had gone 
to Mexico partly for rest and partly in the interests of the com¬ 
pany, but while there contracted a severe cold which resulted in 
pneumonia, the cause of his death. 

Mr. Craigin was deeply interested in his professional work at 
all times, and his energy and perseverance had won for him the 
highest esteem of all his associates. His ability in electrical en¬ 
gineering was well recognized. He had devoted much time the 
last few months to the study of engineering problems involved 
in the proposed electric railway between Washington and Balti¬ 
more. 

Outside of business, he was very much interested in music, 
and was well versed in English and French literature. He was 
fond of out-door athletics, and at the time of his death was a 
member of the Staten Island Cricket and Base Ball Club, the 
Boston Athletic Association, and was also a member of other 
social and literary organizations. 

He was a man of the highest integrity and nobility of charac¬ 
ter, and by his death this Institute and the electrical profession 
ure deprived of an able, energetic and valued member. 


Harvey L. Ltjfkix (Associate Member June 17th, 1890) was 
born in Cleveland, Ohio, in 1857, and died in New York City 
December 21st, 1896, after an illness of but four days. 

Mr. Lufkin had been engaged in electrical work for fifteen 
years. In 1886 he became associated with Messrs. Curtis, 
Crocker and Wheeler in establishing the C. & C. Electric Motor 
Company and played an important part in introducing and de¬ 
veloping electric power. He was one of the first to operate 
electric motors on arc and incandescent lighting circuits, in spite 
of the strong opposition of the central station officers, who 
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looked upon this new application as a dangerous experiment. 
Fortunately lie lived long enough to see electric power distribu¬ 
tion become a very large and welcome part of the business of 
central stations. He was a pioneer in applying electric motors 
to the operation of factories and mills, and also had the satisfac¬ 
tion of witnessing the success and general acceptation of this im¬ 
proved method. Mr. Lufkin possessed the rare combination of 
technical knowledge with great business ability, enabling him to 
accomplish results which would be impossible for a man having 
either one of these qualities alone. This advantage, together 
with his excellent judgment, prevented him from making the 
mistakes which are so common in the development of a new art, 
and gave him a power to foresee the probable directions of suc¬ 
cessful progress, two examples of this prescience having already 
been noted. Although enthusiastic as to the value and possibili¬ 
ties of electrical applications, his good sense told him just where 
to stop, and it often happened that he would advise against the use 
of electrical apparatus when he did not think that it had decided 
advantages over other means, even though the electrical method 
might be perfectly feasible. 

Mr. Lufkin was a very active member of the National Elec¬ 
tric Light Association, and was a leading spirit in organizing and 
making a notable success of the Electrical Exhibition held in 
New York City during the spring of 1896. 

Possessing an unusually bright and agreeable personality, he 
was universally popular among electrical men, and was sincerely 
liked by bis friends and business associates. 

His sudden death in the prime of bis activity and usefulness 
is a great loss to the electrical industry, which always requires 
the services of men of exactly his stamp. F. B. C. 
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M Mar. 21, 1894 


Smkry, Charles Edward Consulting Engineer, 015 Bennett ( . , , 
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'akinham. isaiah 4i. Electrical Engineer, N. E. Tele- ( . T q co 
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essknden, KeginaU) A. Professor of Electrical Engineering, ( , A Q 

Western University of Pennsyl- -] t f ^ A ’ Q 9 ° 
vania, Allegheny, Pa. (M Dec. 16. 1890 

* j ei. i >, C. A/. A. Consulting and Constructing En- ( . T Q 
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msh, Walter Clark Manager Lynn Works, General Elec- ( A June 26, 1891 
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/lack, J, Day Burhorn & Granger, Contracting f 

Mechanical Kng’rs, 136 Liberty J A Dec. 6, 18S7 
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meld, Stephen l>. 


msh, Walter Clark 


Flack, |. Day 


1IOUATIO A. 
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Baltimore, Md. ( M Oct. 21,1884 
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ton, Del. ( 


Manager Time Service, W. U f 
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i, 18S7 
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Electric C0..22 Thames.cor.Green- J A April 15, r884 
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Electrical Engineer, General Electric f ^ Mar, iS, 1890 

Co., 620 -Atlantic Ave., Boston, j utl e 20, .1894 
Mass. 1 J 
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phone Co,, 42 Farnsworth St., - M Mar ] jgj 1890 
So. Boston. Mass. ( 


Hayes, Harry E. 
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} M Mar. 25, 1896 


Henshavy, Frederick V. Downes <& Henshaw, Consulting f 
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Herdman, Frank E. 
Hering, Carl 

[Life Member.] 


Bering, Hermann S. 
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dence 124. E. Mt. Pleasant Ave.,'j M June 5, 1888 
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Associate in Electrical Engineer- f 
ing, Johns Hopkins University, ! A April 21, 1891 
residence, 1809 Park Ave., Balti-^ M April 18, 1893 
more, Md. I 


Herrick, Charles H. Consulting and Constructing Elec- j 

trical Engineer, 133 Oliver St., J A April 21, 1891 
Boston; residence. 22 Herrick St., 1 M Jan. 17, 1893 
Winchester, Mass. I 
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Co., 55 Broadway, New York City ( M 
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Feb. 21, 1894 
Fel>. 27, 1895 


April 21, 1891 
June 2o, 1894 


April is, 1.884 
Out. 21, 18H4 


Howell, John W. 


Hunting, Fred S. 
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St., Fort Wayne, Xml. ( 1 

Hutchinson, Dr, (-ary T. (Manager,) Electrical Engineer, j A 
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Steam Power Co., Wason Bldg. 4 H 
Springfield, Mass. ( 

Inrig, Alec Gavan Globe Electrical Co., 44 White Post j A 
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Ives, Edward B. Chief Engineer, Raritan Construe- ( 4 

tionCo., 153 Bullitt Bldg., PhiIa -4 M 
delphia, Pa. { 

Jackson Dugald C. Professor of Electrical Engineering, ( * 
University of Wisconsin, Madi«< M 
son, Wis. ( M 

Jackson, Francis E. Aylsworth & Jackson, Incandescent f 
Filament Manufacturers. 128 ) A 
Essex. Ave , Orange; residence,61 j M 
South Grove St., East Orange, N. J. ( 

Jackson, Henry Telegraph Supt. and Engineer, The f 
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Co., Horwic.h, Bolton-le Moors* "| M 
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Sept. 3, 
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Ives, Edward B. 


Jackson Dugald C. 


Jackson, Francis E. 


Jackson, Henry 
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Nov. 15. 
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May 3* 
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Jehl, Francis 
Jenks, W. J. 
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Professor of Electrical Engineering, Sept. 27, 1892 

Penn. State College, State Col- T M Jan. 17,1894 
lege. Pa. ( 

Attorney-at-Law, Solicitor of Pa- (j A jsj 0v . 12, 1889 
tents/ 928-30 F. St , N. W. *{ ^ Mar. 18, 1890 
Washington, D. C. I 
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Tohnston, A. Langstaff Chief Engineer, Richmond Traction ( A April 21, 1891 
1 Co., 1112 E. Main St., Richmond, M April 18, 1894 
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Jones, Erancis Wiley 
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Assistant GenT-Manager and Elec-f 

trician, Postal Telegraph-Cable^ A April 15, 


Keith, Dr. Nathaniel S. 
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Kimball, Dr. Alonzo S. 


Kinsman, Frank E. 
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Ave., Brooklyn, N. Y. 
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{ M Jan. 
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trie and Manufacturing Co., East *\ m j une 5, 1888 
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La Roche, Fred. A. 


Electrical Engineer, Canada Life ^ A Mar. 6, 1888 
Building, Toronto, Ont., and 72 j m j une ^ 1S8S 
’Trinity Place, New York, N. { 


President and General Manager, f 

Ideal Electric Corporation, 6 5 2 "J ^ Sept. 19, 1894 
660 Hudson Street; residence, 28 j M Nov. 20, 1895 
W. 2sAh St., New York. I 


Lattig, J. \V. 


Electrical Engineer. Supt. of Tele- f 
graph and Electrical Apparatus, j A June 8, 1887 
Lehigh Valley R. R. Co., So -TMJuly 12,1887 
Bethlehem, Pa.; residence, 335 
Broad St., West Bethlehem, Pa l 


Lawson, A. J. 


Lemi\ Hermann, Jr. 


Electrical Engineer, The County 
of London and Brush Provincial 
Electric Lighting Co., Ltd., 49 
Queen Victoria St., London, Eng. 

*«»«■" “■ 


A Mar. 18, 1890 
M June 17, 1890 
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Leonard, H. Ward Electrical Engineer, Ward Leonard f 

Electric Co , 13th and Washing-j A July 12, 1SS7 
ton Sts , Hoboken, N J.; resi-) M Sept. 6, 1887 
dence, East Orange, N. J. t 
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hattan Electric Light Co., Ltd., j A Jan. 16, 1895 
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Lloyd, John E. 
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Lloyd, John E. * Assistant Chief Engineer, Philadel- £ ^ , 00 lg 6 

rj^ssastrsr*)« M * ; - * 
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Lovejoy, J. R. 


General Manager. Supply Dept., lj A A i[ lg 
General Electric Co., fechenec - E* 
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trical Engineering, Lehigh Uni- 
versity, South Bethlehem. Pa. ( M A,ay J ® 92 


Mailloux. C. O. 


Consulting Electrical Engineer j A April , 5 , l8 g 4 
150 Nassau St., telephone 39S5 - .. 0 £ = ^ 

Cnrl-landt N’ew VnrW'iYv / 1V1 <JCt. 21,1004 


Cortlandt. New York City. 

Mansfield, Arthur Newhall Assistant Electrician, Ameri- 


can Telephone and Telegraph Co , -A ? eC . 

153 Cedar St., New York City. ( M - ,une “°’ 1894 

Marks, Louis B., M. M. E, Chief Electrician, The Electric f 

Arc Light Co., 689 Broadway;! A May 20, 1890 
residence, 51 East 67th St., New j M Jan. 16, 1893 
York City. [ 

Marks, William Dennis, Ph.B . C. E. President, The ( A F , RRR 

American Electric Meter Co., 1014 < M RRft 
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A Feb. 
xM May 
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Marshall, J. T. 
Martin, Julius 


Metuchen, N. J. j A Oct. i, 1889 

1 M Nov. 12, 1889 

Electrician, 16 Oak St., Newark, N. £ . n R 

J., Master Electrician, Equipment 1 ~ V T Ct * J® 90 
Dept.. New York Navy Yard. 1 M Nov - 20 - 18<) 5 
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McCrosky, James W. 

McCrossan, J. A. 
McMeen, Samuel G. 
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Electrical Engineer and Manager, ( , . , 

Marvin Electric Drill Co., Canas- - G V^* 1 J; J 
tota, N. V. {* * *’ ' 

Electrical Expert and Consulting f 
Electrical Eng’r, 27 Thames St., j A July 12. tSS7' 
New York City; residence, 227 | M April 21, i rqt 
Arlington Ave. Jersey City, N. J. L 

Enterprise Block,’ 5th Floor. 79 j A Dec, 16, 1S90 
Fifth Ave,, Chicago, Ill. { M June 20, 1S94 

Electrical Engineer, 800 ti. St., N, v A April 15, 1084 

W., Washington. D. C. ) M Dec. 9, 188S 

Electrical Engineer and Contractor, \ A ^ t l6 i3 q 0 

106 E. German St.. Baltimore, Vy£yi a y rg, 1S91 
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Superintendent, First District, So. ^ A yj or j3g „ 
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Co. and Compaina de Lnz y Fuerza j A Dec. 20, 1893 
Motrizde Cordoba, 715 Avenida de-( M Dec. 16, 1896 
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Manager and Electrician, Citizens’ ( 4 Qct. I g > 1.893 
Telephone and Electric Co., Rat J £> e c. 18, 1895 
Portage, Ont. ( 
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Co., 1306 Ashland Block,Chicago. \ ^ y) ec t sq6 
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Metcalfe, George R. 
Millis, John 

Mills, Frank P. 
Mitchell, James 

Mix, Edgar W. 
Molera, E. J. 

Moore, D. McFarlan 


Electrical Engineer, Westinghouse { A Mar 20< i8q -. 

Elec, and Mfg. Co. 120 Broadway, < M r an 22 l3g6 

New York, N. Y. ' 

136 Liberty Street; residence, 404 i A April 19, 1S92 

West 22d St., NewYork City. I M Nov. 15, 1S92 

Captain of Engineers U. S. A., The j A j uly l3 g 4 
lighthouse Board, Washington, "t *NI a r. 3. 1885 
D. C. r 


Superintendent, Merced Gold Min- j A Tan. 6. 1885 
A ) M Mar. 3> *38> 


Constructing Engineer and Agent, 
General Electric Co., Caixa do 
Correio No.. 954* R'° de Janeiro, 
Brazil. 


Electrician. 12 Boulevard des In-j 
valides, Paris, France. ( 


A Sept. 25, 1893 
M Mar. 25, 1S96 

A Sept. 3, 18S9 
M Mar. 20, 1895 


Civil Engineer, 606 Clay St., San j A Tan. 16, 189' 
Francisco, Cal. ( M June 7, 189 


Inventor, Moore Electrical Co., 52 
Lawrence St., Newark, N. J. 


{A Dec. 20. 1893' 
1 M June 20, 1894. 


Morrow, John Thomas 


Neilf.r, Samuel G. 


A Dec. 21, 1892 
M April 18, 1894 


Ass’t Electrical Engineer, Pierce & j A Apr il 18, 189+ 
Richardson, I4°9 Manhattan - M Dec . ,8,1895 
Building, Chicago, Ill. 


Supt. Electrolytic Plant, Boston and f 
Montana Consolidated Copper and I 
Silver Mining Co., Creat Falls, ] 
Mont. ^ 
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Nichols, Dr. Edward L. Professor of Physics, Cornell j A Oct. 4, 1887 
University, Ithaca, N. Y. j M Dec. 6 , 1S87 


Nichols, Geo P. 


Noll, Augustus 


Partner, Geo. P. Nichols & Bro., f 
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Nunn, Paul N. 
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, A Sept. 27, 1892 
| M April 18, 1893 

i A April 17, 1895 
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( A Oct. 37, 1894 
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Paine, F. B. H. 


Electrical Engineer, General Electric j A June 20, 1894 
Co., Schenectady. N. Y. ( M Nov. 20, 1895 
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1 M May 1,1888 
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son-Houston, Ltdi, 3S Parliaments W- 1 ' q 6 
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Firm of Pattison Bros, Consulting f 
and Constructing Electncal En- { A Sept. 22, 1891 
gineers, 136 Liberty St., New j M Dec. 16, 1891 
York City. [ 

Engineer. Room 841, 621 Broad- ( A Oct. 25, 1892 
way. New York City. / M Feb. 21, 1893 

Vice President and Manager Schuyl- ( . „ 

kill Valley Illuminating Co , PhceJ ^ “air. is. 1892 
mvviHe. Pa M Dec - l8 - lS 95 


Paine, Sidney B. 


Parker, Lee Hamilton 


Parks, C. Wellman 


Pattison, Frank A. 


Pearson, F. S. 


Perot, L. Knowles 


nixville, Pa. \ 

Perrine, Frederica. C., D. Sc. Professor of Electrical En- ( . Q , 

gineering. Leland Stanford, Jr .A t n Pt ' a c 9 ° 

University, Palo Alto, Cal. ( M Dec ’ l6 ' i8 9 ° 

Perry, Nelson W., E. M Editor Electricity , 136 Liberty St., ( A 

New York City : residence! 650 l ay 17 ' 
Madison Ave., Elizabeth, N. J. { ^ Iar ‘ 2T ’ i8 93 


Pickernell, F. A. 


Fierce, Richard H. 


{Manager,) Chief Engineer. Amer. ( . 7 , , 

Tel. & Tel.Co., 153 Cedar St J A * eb - i8 9 ° 

New York City. { M Mar ' i8 ’ lS 9 ° 

Pierce & Richardson, Electrical En- f 
gineers, 1409 and 1410 Manhattan J A April .18, 1893 

Bldg , Chicago; residence. 5434 1 M Dec. 20, 1S93 

Monroe Ave., Hyde Park, Ill. ( 


MlOl 
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Date of Membership. 


Pikk, Cl. ayton W., AYS’. Electrical Engineer, Faikenau En- ( A p 6 lg £ 
gineering Co., 711 Reading Ter- ' ’.-o’ 


OKl’KK, |. K. 


m'KK, Wm, 1' A > 


Willi \ m If. 


'is a 1 r, Ruhkut 


lMi I'M' IL, W.M. I 


:ak, Fkank is. 


gmeemg ,, 7,1 Keau.ng let-, M 0ct 25 ^ 
minai, l ndadelphia, l a. f J 

Manager. Alton Railway ami II- ( A Sept. 6, 18S7 
lummating Co., Alton, 111 . j M Nov. 1, 1887 

r, Engineer Railway Dept., General j A Jan. 22, 1896 
Electric Co., Schenectady, N. Y. ( iYt Mar. 25, 1896 

Eleci.rival Engineer, 55 Oak St., (A June 17,1890 
11 art lord, Ct. \ M Mar. 20, 1893 

Gurnbush, N. V. jA July 12, iSS 7 

( M Sept. 6, 188y 

Assistant 1 ’ 10 less or of I 

Electrical Engineering, Mass. Ins-J A Dec. 20, 1893 
Unite of Technology, R os ton ; j M April 17, 1895 
residence, West Newton, Mass. [ 

Kl.rlrir;,! Knpncor, no, i A April 15, 1SS4 

v.aihniti *.<«»• I'll \ Inn me St. - .. ... A 


Dearborn Bldg., 134 Monroe St., 
Chicago, Ml. 


) M Oct. 25, I Sc;2 


Eieut, Signal Corps, U. S. Army, ( v s 
Can* of Chief Signal Officer U. S. -■ M V l n ’ ^2 1896 

A., Washington, D. C. f ' * ‘ * 

'IU.dkku k, Electrical Engineer, 44 Pine St.., J A Mar. 6, 1888 

New York City. ( M Jane 5 > fHSS 


Rkist, Hi 


Ru m, E. Wuxris, Jk. 


UlKl.u, An: 


Rows. Rn 


Rom?, Wm. 1 .ist'hN-Vi: 


RdukhT!!, E. IV 


} ImvAiUt S. 


RoHKKU, A J.IihU r 1 


j resigning Engineer, General Elec- 1 ^ j une I7 { gg 0 

»'•• *'<»., ,s ehuroi, st., ' N1 ,, , ; lS 4 

Schenectady, N. V . ( 

Technical Director* The General f A Dec. f>, 1887 
Electric Co., Schenectady* N. Y. ( M Jan. j, 1888 

Electrical Engineer and Inventor, f A j u j , l2 lg gy 
lo t 1 Temple Court ; residence, • ‘ M ■ * Se A 5 /gSr 
j W, u$th St,, New York City. ( 

Electrical Engineer, The Kiker Klee- ^ A ^ov. r< j887 
trie Motor Co , 45 York St:., Brook- \ u 1* ,g l8o e 
lyn; residence, Stamford, Conn, f ’ ^ 

With Stone & Webster, 4 T. 0 . j A Oct. 18, 1893 
Square, Boston, Mass. I M May 21, 1895 

Professor of Physics* Trinity Col-j A Dec. 16. 1891 
lege, l!art ford, Conn. I M Mar. 15, 1892 

E. P, Roberts iS* t'o.. Electrical and 1 
Mechanical Engineers, Brainard J A fan. 0,1885 
Block, Telephone 205b, Cleveland, j M Feb. 3, 1885 

i ). I 

Electrical Engineer, care General ( A Sept. 27, 1892 
Electric Co., 2O4 W. 4th Street, s M May * l6 ’ l8(y , 
Cincinnati. O. ' 

Electrical Engineer, with General j A Nov. t, 1887 

bdeetiic Co., Schenectady, N. V r . ( M May r, x888 

Eieut. U. S. N., in charge of Inspec- f 
lion and Install ttimi. U. S. Navy J A Sept. 19, 1894, 

Yard, New York; residence, | M May 19, 1896 

Cranford. N. j. I 
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Name. 

Ross, Norman 
Ross, Robert A. 


ROUQUETTE, W1 LLlAM 


Ryan, Harris, J. 


Salomons. Sir David 

[Life Member] 


Sands, H. S. 


Sargent, W. D. 


ScHEFFLER, FRED. A. 


Schmid, Albert 


Schoen, A. M. 


Scott, Charles F. 


Sever, George F. 


Shallenberger, O. B. 


Shaw, Edwin C. 
Shea, Daniel W. 


Sheble, Franklin 


Sheldon, Samuel, A . 


Shepard, Wm. E. 


Shepardson, George 


Address. Date of Membership. 

General Superintendent, Bullock j A Sept. 20, 1893 
Electric Mfg. Co., Cincinnati, O. \ M Nov. 21, 1894 

Mechanical and Electrical Consul- ( A S t 2? ,g 92 

SSTq. 17 “• '•** *•» 

F. B. Proprietor, Rouquette & Co., j A Mar. 21, 1894 

47 Dey St., New York City. \ M Dec. 19, 1894 

( Vice-President .) Professor of Elec- ( A rw t qq„ 
trical Engineering, Cornell Uni- - M ^ h ’ lSq l 
versity, Ithaca, N. V. ( M AprU 1095 

Lionel, Bart. AI. A., Engineer and f 

Barrister, Broomhill, Tunbridge J A Feb. 7, 1888 

Wells, Kent, and 49 Grosvenor j M May 1, 1888 

St., London, W. England. [ 

Consulting and Constructing Electri-( . F , « 

cal Engineer, Peabody Building, * ~ 2 ’ 

Wheeling, W. Va. ( M 2I * 1594 

Ceneral Manager N Y. & N J.{ A April l884 
TeECo., 16 btmth St.. Brooklyn, | M F P b £ , 8g } 

Stirling Boiler Co., 126 Liberty ( * A1 - 
Street, New York City; residence, - , ^ ^ 

Passaic, N. J. I M J an ' 26 ’ 1896 

Superintendent, Westinghouse Elec-j A Oct. 21, 1890 
trie and Mfg. Co., Pittsburg, Pa. ( M April 17, 1895 

Electrician, South Eastern Tariff ( A Q 
Association, Norcross Building, - W P ' ,* Q 9 ? 

Atlanta, Ga. * \ M Dec ’ ,6 ’ 1896 

{Manager.\ Chief Electrician, West- (, . .. „ 

ing'nouse Electric and Mfg. Co., •{,, T P 9 ’ a 9 
Pittsburg, Pa. >|MJan. 17,1893 

Instructor in Electrical Engineer- ( . f 
ing, Columbia University, New*! AC \^ n ' I ^ , I Q 9 1 
York City. * ( M 1896 

Consulting Electrician, Westing- ( . 0 A OOD 
house Electric and Mfg. Co , £ ^ept. 7.1888 

of Pittsburg; Rochester, Pa. ( ^ P ' ec ' 4 . 1888 

Manager, Akron General Electric j A May 17, 1892 
Co., Akron, O. (M Feb. 27, 1895 

Professor of Physics, Catholic Uni- ( . ^ 

versity of America, Washington, -J t\. 7 ec * 20 ’ 

J) Q J I M J UIle 2 °’ 1894 

Sheble & Patton, Ltd., 1026 Filbert j A Oct. 21, 1890 
St., Philadelphia, Pa. / M Dec. 18, 1895 

M ., Ph.D. Professor of Physics and f 

Electrical Engineering. Poly tech-J A Dec. 16, 1890 
nic Institute, 1984 Schermerhorn, j M Oct. 27, 1801 
St., Brooklyn, N. Y. [ 

Stein way Railway Co., Long Island j A Feb. 7, 1890 
City, N. Y. ( M Mar. 18, 1890 

D. Professor of Electrical Engineering, ( . A .. 

University of Minnesota, Minne-*] 2I » i8q * 

apolis, Minn. ( M J an - 2a . 1896 


1 A Dec. 
M Oct. 

j A Feb. 
( M Mar. 

j A April 
M Jan. 


19, 1S92 
17, 1893 

17, 1894 

19, 1896 

7, 1888 
4, 1888 

17, 1892 
27, 1895 

20, 1893 

20, 1894 

21, 1890 

18, 1895 

16, 1890 
27, 1891 

7, 1890 
18, 1890 

21, 1891 

22, 1896 
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Smith T. Cahi’K.ntkk 


! niN<;, l 1 <*i.t .«>n C 


Name* Address. Date of Membership. 

IK) II. A, Kleotriol Engineer, The Tucker j A y g 

/I" m’ 3 *° 1>edtHrd Ave -j M Feb. 26, 1896 
Brooklyn, N. V. ( ^ 

SMITH, Prank Sr Haiti 1 Supt. lamp Factory, Westing- { A s t 2 , l8 2 

house hlcctnc .V Mfg. Co., Fitts- M Ap H ril l8 , l8l)3 

, ji sss M. Expert in Patent Causes, Consulting f 

Klectrieal and Mechanical Engi-J A April 15, 18S4 

neer, 36 Moffat Block, Detroit, j M June 26, jSqi 
M ich. I 

T. Carrk.ntkr Mechanical and Electrical Engineer, (* ( ) j 0 „ « 

212 Drexd Building Philadelphia, *^ M f8 ', 

hind, lliti-i.uN 0 . Electrical Engineer, Manager, N, J 

K. Office, Manhattan General } A April 21, 1891 
Construction Co., 6n John Han -1 M June 20, 1894 
cock Hide*., Boston, Mass. \ 

v, Him 1 k A. Electrical Engineer, Sperry Electric ( . Anril Tt T u G „ 

Railway Co., Mason ami Helden J* ft™ 

Sts., ( levclaml, (). ( 

; 1 • |.; Eu anic I f Past- f'rts idrnt.) Vice-Brest. Sprague f 

Klectrh; Elevator Co.. Bostul'l ele- j A May 24, 1887 
graph Bldg.,253 Broadway and 182 j M Kcb. 17* *$97 
West Knd Ave.? New York City 1 . 

d oHD, W11 i.i.Vii Asst. Supt. Telegraphs, Colonial ^ A ()ct , lS g 7 
(»ovt., (‘ape Town, < ape of Good s M j )e( ! j*’ T 887 

Hope, Africa. ( 

'\s, ( H Ai; 1.1 lv. / A. Room is. 1 *b Bedford Street, 5 |gy« 

ami Wisllaml Avenue, lioston, < M M *' ]6 ’ T g g ' 

Mass. ( 

4NS 111 j ) \v., fr. Treasurer. Mountain Electric. Co., j A June 20, 1894 

Box t $45, Denver, Col. I M Nov. 20, 1S95 


El Mi k A 


SHtAHHb, Era NIC I 


1 M Dec. 6, 1887 

1 A Aug. 6, 1889 
S M May 16, 1893 


Sri iaiiN Tm ‘ 


■MV,, Gil Ml \ B 


Si t rid \ (it mihd 


StIKWIN* H R, 1 .S'THKR 


Engineer of Committee on Local ( ,y , , jgg () 

Companies, Central Kleutric Co., ■ M • J t . ,* l8 ^ 
Schnectady, N. \. ( 

Electrician, Gen- Mal .. , 8> l8y() 
mal^ FU-ctnr Co., Schenectady, ^ M April cr, 1891 

General Supt., Canadian General j A June 20,1894 
Electric t u,, Ltd., Beterboro, Ont. ( M Dec. 18, 1895 

Electrical Expert, Morris Building,] A June 8, 1887 
68 Broad St., New York City. i M Nov. 1, 1887 


STIUTVKt.,R, Et u R B 

Stott, Ur sky G. 

1 ’AtNTOH, < ; IIT'S 

TaI.1 AVAR! , TUOS, R 


{. 1/t 7*.) Electrical Director, f 
Niagara Ealls Bower Company, ] A April 19, 1892 
and * the* Cataract Construction 1 M Nov. 15, 1892 
Co., Niagara Falls, N. V. I 

Electrical Engineer, Buffalo Gen'l j A Sept. 25, 1895 

Electric Co., Buffalo, N. Y. I M April 22, 1806 

Division Sup't. Western Division ^ A j unc 26> l8( r 

New England 4 '‘elephone and 1 el- x M j )ec , 6i i8()T 

egraph Go., Springfield, Mass. { 


Ekdrkui World, 
New York City. 


253 Broadway, ( A Jan. 20, 1891 
1 M Oct. 27, 189* 
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MKMtitillS 


Name. 

'Ferry, Charles A. 


A ddress. 


Thompson, Edward P. 


Th UR NADER, ERNST 


Voile City. 


Mass. 

Consulting; Eleetiician ansi 
Attorney in Electrical C 
Beckman St., New York ( 

Manager, Thomson Houston In¬ 
ternational Elec. <’<>., 27 Rue tic 
Londres, Paris, Eranee. 


Date 

<i Membership. 

ric and f . 

N.wj * 

April 5, tS87 

May 17, 1SS7 

Ohio \ A 

June 7, 189.3 

,, O. i M 

Nov. 15, 1892 

, Oen- f 

1 Elec j A 

April 15, 1.8 S 4 

Lynn, j M 

April 2f, 1891 

t 

Patent ^ ^ 

April 15, 1884 

«T’ 5 C 

Dee. 3, 1889 


7 A Oct. 14, 1887 
I M 1 )ec, D, 18S7 


Tischendoerfer, E. W. 
Trafford, Edward W. 


Electrical Engineer, Sehiiekeil X: i A 
Co., Nuremberg, Cermany. / M 


Electrical Engineer, Richmond Rail¬ 
way and Electric Co., loot ol 7th 
St., Richmond, Va. 


t.\ 


April if), I St.)2 
N ov. ;* 1, 1894 

1" cl». 2 i , 1S94 
hcc. 1 ij, 189,1 


Turner, Wilijam S. Consulting and Const met mg J\lec« ^ x j )Ci , 
trical and Mechanica 1 E11 gi»t v er, yj (j( .| 
253 Broadway, New York < ity. f 


1 SSL 
1888 


U ELKLACKER, ClIAS. E- 


E1 e c: t r i ca l 1\ n gin e e r, t ’ < * n s o lit 1; 11 x < i 
Traction (’0., ;y» Noi111 nth St., 
Newark, N. J. 


A Feb. 7, 1890 
M N * )v. 13 > 1 89 T 


Uui.ENHAUr, Fritz, Jr. Philadelphia 'Fraction Co., 4 lot 1 la- \A May j, 1 

verfotdSt., Philadelphia, Pa. I M Dec. 19, 1894 


Upton, Francis R Sales-Manager, National Tube ) A May 17, 1 SB 7 

Works Co., McKeesport, Pa. ) M Mar. 15, 1H42 

Vail, J. H Engineerin-Chtef, Penn. Heat, j' 

Eight and Power Co., and Edison j A June 8, 1887 

Electric Eight Co., 909 Walnut. ) M Nov. 1, 1887 

St., Philadelphia, Pa 

Vansize, William R. (Manager) Solicitor of Patents and 
E x p e rt. 2 5 3 1 >roa d w a y ; resit! 1 * n t: e, 
too W. 74th St,, New York City. 

Van Trump, C. Reginald Engineer ami Manager, Wilming¬ 
ton City Electric Co., Wilming¬ 
ton, Del. 


\ A 

April 

1 $, 1 884 

r 

< let, 

21, 1884 

u 

Feb. 

5, 1 HSU 

0 

Feb. 

:.M, 18 94 


Waddell, Montgomery Consulting Engineer, 72 Trimly \ A Feb. 7, thS8 
Place, New York City. J M May t, 1HHH 


Wait, Henry H. 


Assistant Electrical Engineer, West¬ 
ern Electric Co., 4919 Madison 
Ave., Chicago, ill. 


A Sept, go, 1893; 
M June 20, 1894 


Waldo, Dr. Leonard 


Electrical Engineer, Secretaiy, The ( . .. 
Waldo Foundry, 57 Coleman St,,-; Ip, * 


Bridgeport, Conn, 


1888' 
M Dec. 4, 1 BBS 


Walker, Sydney K. 


Electrical Engineer, 195 Severn (A June 2, 1885 
Road, Cardiff, Wales. j M. May 17, 1887 


Waring, John 


Ovid, N. Y. 


A Dec, 16, 1890 
M April 17, 1895 
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Name. 

Warner, Ernest F. 

Waterman, F. N. 

Weaver, W. D. 

Webb, Herbert Laws 
Weeks, Edwin R. 
Weller, Harry W. 
Weston, Edward 

Wetzler, Joseph 
Wharton, Chas. J. 
Wheeler, Schuyler S 

[Life Member.] 

White-Fraser, Geo. 
Wiener, Alfred E. 

Wilcox, Norman T. 

Wilkes, Gilbert 

Willyoung, Elmer G. 

Wilson, Charles H. 
Wilson, Fremont 

Wilson, Harry C. 

Winchester, A. E. 


j^ddrfss. Date of Membership. 

Electrical Engineer, Western Elec- ( A g L 2Q> *393 
trie Co.; residence, 402 Belden a m j u £ e 20 * ^94 
Ave., Chicago, Ill. ( 

Electrical Engineer, Westinghouse ( A 2I> X893 

Electric and Mfg. Co., 120 Broad- *j ‘ M . une 2Q ’ ,894 
way. New York City. ( J 

{Manager.') Editor American Elec- ( A M I7 X S87 

trician , 7 West 26th Street, New a ^ ^ I7 ’ jggy 

York City. ( 

18 Cortlandt St.; residence, 253 (A Oct. 21, 1890 
W 7 est42dSt., New York City. (M Dec. 16, 1890 

706 Wall St., Kansas City, Mo. jA Sept. 6, 1887 

l M Nov. 1,1887 

Electrical Engineer, Room 206, (A Oct. 21, 1890 
Equitable Building, Boston, Mass. (M Nov. 24, 1891 

{Past President.) Vice-President, f 

Weston Electrical Instrument J A April 15, 1884 
Co, 120 William St., and 645] M Oct. 2r, 1884 
High St., Newark, N. J. I 

Editor The Electrical Engineer , (A April 15, 1884 
203 Broadway, New York City. { M Dec. 9, 1884 

82 Bond St., London, Eng, \A Jan. 3, 1888 

] M May 1,1888 


.ATS, Sc.T>. President, Crocker- | 

Wheeler Electric Co., 39 Cortlandt | A j une 
St., N. Y., and Ampere, N % J.;-j m Sept, 
residence, 4 West 33d St., New | 

York City. I 


2, 1885 

1, 1885 


Mem. Can. Sac. C. E.\ 18 Imperial j A Sept. 22, 1891 
Loan Building, Toronto, Ont. ( M Dec. 18, 1895 


Electrical and Mechanical Engineer; ( A ^ ^ jg^ 

residence, 20S Liberty St., Sche- a M M I5 ’ jgg 4 

nectady, N. Y. { 

Manager and Electrican, Seneca C A M 21,1895 

Light and Power Co., Senecas M r 22,1896 

Falls, N. Y. ( J 


Consulting Electrical Engineer, ( A T an> _ jg 
1112 Union T. rust Building, a ^ Mar. 18, 1890 
Detroit, Mich. ( 


E. G. Willyoung & Co., Scientific ( A Nov> l8gI 
Instruments and Apparatus, 938 a ^ -Q ec 2Q i8q « 
Market St., Philadelphia. ( ‘ 

Monadnock Building, Chicago, Ill. ( A Nov. 24, 1891 

} M Feb. 16, £892 


Electrician, 66 Maiden Lane, (Tele- ( A jyj ar § 1888 

phone, 1651 Cortlandt) and 2153 •) M Tune 5', 1888 

Seventh Ave., New \ork City. ( 

Supt. of P. O. Telegraph with the U j an l8 

Government, Kingston, Jamaica, 4 M 4 * lgp2 

West Indies. ( '* 


Consulting Engineer and Designer 
of Electric Systems, South Nor¬ 
walk, Conn. 


A June 8, 1887 
M Nov. 1, 1887 
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Name. 


Address. 


Date of Membership. 


Winslow, George Herbert Consulting Electrical Engineer, 
700 Lewis Block, 6th Ave., and 
Smithfield St., Pittsburg, Pa. 


A April 17, 1895 
M Feb. 26, 1896 


Wirt, Charles 
Wolcott, Townsend 
Wolverton, B. C. 
WOODBRIDGE, J. L. 

Wright, Peter 


Consulting Engineer, 1028 Filbert f A Sept. 8, 1888 
St., Philadelphia, Pa. ( M June 20, 1894 

Electrician, 1002 Bennett Building, (A Mar. 6, 1888 
New York City. \ M Dec. 16* 1890 

Electrician, N. Y. & Pa. Telephone j A Mar. 18, 1890 
and Telegraph Co., Elmira, N. Y. j M Feb. 21, 1895 

Secretary and Treasurer, Wood- f 

bridge & Turner Engineering] A June 8, 1887 
Co., 47 Times Building, New j M Nov. 1, 1887 
York City. L 


General Superintendent, People’s 
Electric Light and Power Co., 36 
Mechanic St., Newark, N. J. 


A May 16, 1889 
M Jan. 16, 1895 


Wurts, Alexander Jay Westinghouse Electric Sc Mfg. Co., j A April 19, 1892 
Pittsburg, Pa. { M Nov. 15, 1892 


Young, C. Griffith 


Electrical Engineer, White-Crosby ( A T _ _ 


Members, 


35i- 
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Name. 

ASSOCIATE MEMBERS. 

Address. 

Date of Election. 

A wax a, Juan 

Director General of Public Lighting, 
Buenos Aires : residence, 691 Calle 
Bolivar, Buenos Aires, Argentine 
Republic. 

Aug. 

5, 1896 

Adae, Chas. Elamkn 

X-Ray laboratory, P. 0 . Box, 2809; 
residence, 36 West 35th Street, New 
York City. 

Dec. 

16, 1896 

Adams, Comfort A., Jr. 

Assistant Professor of Electrical Engi¬ 
neering, Harvard University, 13 
Karrar St., Cambridge, Mass. 

Jan, 

17,1894 

Adamson, Daniel 

Manager Joseph Adamson & Co., 
Hyde, Cheshire, England. 

Feb. 

26, 1896 

AtiNKW, CoRNKUtLS R. 

Electrical Engineer, 150 Nassau St., 
23 West 39th St., New York City. 

Mar. 

21, 1894 

Aldanksf, G. Sacco 

Electrical Expert, Compagnie Fran- 
caise Thomson-Houston, Mustapha, 
Algetia. 

Sept. 

20, 1893 

Ai.warr, IIknky 

Electrical Engineer, Hi5 Main St., 
Jacksonville, Fla. 

Feb. 

21, 1893 

Aides, J ames S. 

Assistant. Manager, with D. H. Alden, 
486 River Drive, Passaic, N. J. 

May 

19, I89I 

Aldrich, William S. 

Professor of Mechanical Engineering 
ami Director Mechanical Arts, West 
Virginia University. P. 0 . Box 256, 
Morgantown, W. Vu. 

Mar. 

15,1892 

A LEA AM'!- K, H ARE V 

’Electrical Engineer, General Manager 
and Vice ITest. Alcxandcr-Chamber- 
lain Electric Co., 56 West 22d St., 
and 348 W. 145th St., New York 
City. . 

April 

21, I89I 

Alex \ndfr, )’. ID 

Manager, Lighting Dept.., Electric Se¬ 
lector and Signal Co., 43 Cortlandt 
St., New York City. 

Dec. 

l6, 189O 

Anderson, Henry S. 

General Manager and Electrician, 
United Electric Light Co., Spring- 
field, Mass, 

Jan. 

l6, 1895 

Andrews, Wilitam, C. 

Electrical Engineer, Royal Electric 
Co ; resilience, 147 Metcalfe St., 
Montreal, ID Q, 

May 21, 1895 

Anson, Kr ankles Kmiibkt D*Salem Consolidated Street 
Railway Co., Salem, Ore. 

Feb. 

27, I895 

Anthony, W vi nos ( D 

Electrician, 42 D Webster St., New¬ 
ark, N. J. 

Feb. 

24, 1891 

A I’1*1 , KVA HD, Aim HI H ID 

Manager and Engineer, Natick Gas 
and Electric Co., Natick, Mass. 

Aug. 

5, 1896 

A ucmu'LD, Wm. K. 

Westinghouse Electric and Mfg. Co. 
328 Exchange Bldg., Boston, Mass. 

June 

20, 1894 

Archer, Oeo. ID 

Electrical Engineer, 31 Burling Slip, 
New York City. 

Nov. 

21, 1894 

Armstkunc, Chas. (*, 

Electrical Expert, 1306 Great Northern 
Hotel Building, Chicago, Til. 

Sept. 

27, 1892 
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Name. 

Arnold, Craig R. 

Ashley, Frank M. 
Austin, Sydney B. 
Auereacher, Louis J. 

Babcock, Clifford D. 
Badeau, Isaac F. 

Baldwin, Jas. C. T. 

Ball, Wm. D. 

Bancroft, Chas. F. 
Barbour, Fred Fiske 

Barnard, John H. 
Barnes, Edward A. 
Barry, David 
Barstow, William S. 

Barth-Bartoshevitch, 
Bartlett, Edward E. 
Barton, Enos M. 

Bates, Frederick C. 
Bates, Putnam A. 

Bauer, W. F. 

Beames, Clare F. 

Beattie, John, Jr. 


Address. 

Electrician and Treasurer, Arnold 
Electric Co., Chester and Sharon 
Hill, Pa. 

Master Mechanic, Ashley Engineering 
Works, 69 Reekman St., New York. 

55 Franklin St.; residence, 130 West 
83rd Street, New York. 

Auerbacher & Venino, Electrical En¬ 
gineers and Contractors, 317 Market 
St., Newark, N. J. 

[Address unknown.] 

Assistant to the Engineer, New York 
Telephone Co. - ; residence, 162 
Prince St., Brooklyn, N. Y. 

Superintendent Bell Telephone Co., of 
Mo.; 10th and Olive Sts., St. Louis, 
Mo. 

Consulting Electrical Engineer, W. D. 
Ball & Co , 1625 Monadnock Block, 
Chicago, Ill. 

Electrical Engineer, Lowell and Sub¬ 
urban Street Railway, Lowell, Mass. 

Manager, Power and Mining Depart¬ 
ment, Pacific District, General 
Electric Co., 15 First St., San 
Francisco, Cal., and 1673 Valdez St., 
Oakland, Cal. 

Interior Telephone Co., 203 Broad¬ 
way. New York City. 

Electrical Expert, Fort Wayne Elec¬ 
tric Co., Fort Wayne, Indf 

Electrician and Superintendent, Am¬ 
herst Gas Co., Amherst, Mass. 

General Supt., Edison Electric Illumi¬ 
nating Co., 360 Pearl St., Brooklyn, 

A. Mechanical and Electrical Engineer, 
[Address unknown.] 

Member Firm Bartlett & Co., 23 Rose 
St., New York City. 

President Western Electric Co., 227 
South Clinton St., Chicago, Ill. 

Electrical Engineer, General Electric 
Co., 44 Broad St., New York City. 

Student, Columbia University; resi¬ 
dence, 113 West 72d St., New York 
City. 

Electrician, Reisterstown, Md. 

General Electric Co., Monadnock 
Block, Chicago, Ill. 

Manager and Superintendent, The 
Beattie Battery, Zinc and Electric 
Co., Fall River, Mass. 


Date of Election. 

Nov. 15, 1892 
Nov. 21, 1894 
Sept. 25, 1895 

Sept. 20, 1893 
Feb. 2i, 1894 

Feb. 26, 1896 

April 17, 1895 

Nov. 20, 1895 
Dec. 18, 1895 

May 16, 1893 
June 26, 1891 
Sept. 20, 1893 
Aug. 5, 1896 

Feb. 2i, 1894 
May 16, 1893 
June 6, 1893 
July 12, 1887 
Jan. 20, 1891 

Jan. 20, 1897 
April 15, 1890 

May. 21, 1895 
Sept. 6, 1887 
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Name. 

Bell, Ora A. 

Address. 

Electrical Engineer, Western Electric 
Co., 22 Thames St., New York; 
residence. 921 St. Nicholas Ave., 
New York. 

Date of Election. 

Aug. 5, 1896 

Bennett, Edwin H., Jr. 

Electrician and Engineer, Diehl & Co., 
Elizabethporl, N. J., and 17 E. 33d 
St., Bayonne, N. j. 

June 

20, 1894 

Bennett, John C. 

Electrician, General Electric Co., 44 
Broad St., New York City. 

Mar. 

18, 1890 

Benoliel, Sol. D., B. S., 

E. £., A. M. Consulting and Contract¬ 
ing Electrical Engineer, 1327 Broad¬ 
way ; residence, 120 W. 35th St., 
New York City 

Oct. 

21, 1896 

Bentley, Merton H. 

Chicago Telephone Co.; residence, 
221 Scoville Ave., Oak Park, Ill. 

Oct. 

18, 1893 

Berg, Ernst Julius 

Engineer, General Electric Co.; resi¬ 
dence, 53 Washington Ave., Sche¬ 
nectady, N. Y. 

Sept. 

19, 1894 

Berg, Eskil 

Electrical Engineer, Gen’l Electric 
Co., Schenectady, N. Y. 

Nov. 

20, 1895 

Bergholtz, Herman 

Secretary and Treasurer, Ithaca Street 
Railway Co., Ithaca, N. Y. 

April 

2, 1889 

Berliner, Emile 

Inventor, Columbia Road, between 
Fourteenth ' and Fifteenth Sts., 
Washington, D. C. 

April 15, 1884 

Berresford, Arthur W., B. S., M. E. Electrician, Ward 
% Leonard Electric Co., Hoboken, 

N. J- 

May 

15, 1894 

Best, A. T. 

Electrical Engineer, Miami, Florida. 

April 19, 1894 

Bethell, U. N. 

General. Manager, The New York 
Telephone Co., 18 Cortlandrt St., 
N. Y. City. 

Jan. 

17, 1894 

Betts, Hobart D. 

Member of Inspection Dept., The 
Edison Elec. IU’m’g Co. of N. Y.; 
residence, Englewood, N. J. 

Aug. 

5,1896 

Betts, Philander 3d 

Electrician, U'. S. Navy Yard, Wash¬ 
ington, D. C. 

Mar. 

25, 1896 

Biddle, James G. 

Drexel Bldg., Philadelphia, Pa.; resi¬ 
dence, 264 Ritten house St., German¬ 
town, Pa. 

Aug. 

5, 1896 

Bijur. Joseph, A. B., E . 

[Life Member.] 

E. Manager, Electric Arc Light Co., 
687 Broadway; residence, 172 West 
75th St., New York City. 

May 

I 5 i T894 

Black, Chas. N. 

Walker Company, 140 Winchester 
Ave., New Haven, Ct. 

April 19, 1890 

Blake, Henry W. 

Editor, Street Railway Journal , 26 
Cortlandt St., New York City. 

Nov. 

13,1888 

Blake, Theodore W. 

125 Milk Street, Boston, Mass. 

Sept. 

20,1893 

Blanchard, Charles M. 

Winterburn, Pa. 

Sept. 

19,1894 

Blaxter, Geo. H. 

Vice-President and General Manager, 
Allegheny County Light Co., West- 
inghouse Building, Pittsburg, Pa. 

Sept. 

25, 1895 
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Blizard, Charles 


Boardman, Harry B. 
Bogart, A. Livingston 


Name. Address. 

Buss, George S. Electrical Engineer, Central District 

and Printing Telegraph Co., Tele¬ 
phone Bldg., Pittsburg, Pa. 

Bliss, Wm. J. A. Johns Hopkins University, Baltimore, 

Md. 

Bliss, William L., B. S>, M. M. E. Electrical Engineer, Con¬ 
solidated Gas Co., 4 Irving Place, 
New York City; residence, 24 Irving 
Place, Brooklyn, N. Y. 

Blizard, Charles Manager of New York Office, Electric 
Storage Battery Co.. 66 Broadway ; 
residence, 34 W. 27th St., New York 
City. 

Boardman, Harry B. 1530 Grand Ave., Milwaukee, Wis. 

Bogart, A. Livingston Electrical and Patent Expert, 22 
Union Square, New York City. 

Boggs, Lemuel Stearns Reed Hotel, Ogden, Utah. 

Bogue, Charles J. Manufacturer and Dealer in Electrical 

Supplies, 206 Centre St., N.Y. City. 

Bohm, Ludwig K., P/i.D., Consulting Electrical and Chemical 
Expert, 117 Nassau St., N. Y. City. 

Bolan, Thomas V. Supervising and Constructing En¬ 
gineer, The General Electric Co., 
Schenectady, N. Y.; residence, S69 
N. 41st St., Philadelphia, Pa. 

Boyles, Thomas D. Electrical Engineer, General Electric 
Co.; residence, 58 Washington Ave., 
Schenectady, N. Y. 

Brackett, Prof. Cyrus F. Princeton, N. J. 

Braddell, Alfred E. Electrical Inspector, Underwriters’ 
Association, Middle Department, 
316 Walnut St., Philadelphia, Pa. 

Brady, E. D. A* Consulting and Constructing Engin¬ 

eer, 95 Bank St., Lock P. O. Box 132, 
Waterbury, Conn. 

Brady, Frank W., M . E. Professor of Engineering and Physics, 
New Mexico College of Agriculture 
and Mechanic Arts, Mesilla Park, 


Bolan, Thomas V. 


Boyles, Thomas D. 


Date of Election. 

June 20, 1894 
Jan. 20, 1891 

Mar. 21, 1894 

Nov. 21, 1894 
Sept. 20, 1893 

July 10, 1888 
Sept. 20, 1893 

Dec. 3, 1889 

Nov. 15, 1892 

Aug. 5, 1896 
* 

Mar. 20, 1895 
April 15, 1889 

Sept. 1, 1890 

Sept. 19, 1S94 



N. M. 

June 

20, 1894 

Brady, Paul T. 

Manager, Central N. Y. Agency, West- 
inghouse Electric and Mfg. Co , 
Syracuse, N. Y. 

July 

12, 1887 

Bragg, Charles A. 

Manager Phila. Agency, Westing- 




house Electric and Mfg. Co., 302 
Girard Building, Philadelphia, Pa. 

Sept. 

20, 1893 

Brayshaw, I. 

Telegraph Inspector Great Southern 
Railway, City of Buenos Aires. 

Aug. 

5, 1896 

Rrixey, W. R. 

Proprietor and Manufacturer, Day’s 
Kerite Wire and Cables, 203 Broad¬ 
way, New York City. 

Sept. 

20, 1893 

Broich, Joseph 

Superintendent and Electrician, with 
F. Pearce, New York City; resi¬ 
dence, 448 8th Ave. Brooklyn, N. Y. 

Jan. 

17, 1894 


ASSOCIATE MEMBERS 


Name. 

Brophy, William 

Brown, Albert W. 

Brown, Chas. L, 

Bubert, J. F. 

Buck, Harold W. 
Buckingham, Chas. L. 

Bunce, Theodore D. 
Burgess, Chas. Fred’k. 

Burke, James 
Burnett, Douglass, 

Burt, Byron T. 

Burton, Paul G. 

Burton, William C. 
Butler, William C. 
Buys, Albert 

Byrns, Robert A. 

Cabot, Francis Elliott 

Cabot, John Alfred 
Caldwell, Edward 
Caldwell, Francis C. 
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Address. 

Date of Election. 

Electrician to the Wire Department, 12 
Old Court House, Boston; residence, 
17 Egleston St., Jamaica Plain, Mass. 

Mar. 

5, 1S89 

Mechanical and Electrical Engineer, 
Room 18, 3Q Cortlandt Street ; resi¬ 
dence, 27 W. 24th St., New York. 

Feb. 

17, 1897 

Ass’t Eng. Pintsch Compressing Co., 
and Foreman 159th St. Plant, 160 
Broadway, New York City. 

Nov. 

20, 1895 

Supervising and Contracting Electrical 
Engineer, 402 Exchange Bldg., 
(Telephone 1379) Boston, Mass. 

June 

5 7, 1892 

14 East 45th St., New York City. 

Jan. 

16, 1895 

Patent Attorney, Western Union Tele¬ 
graph Co., 195 Broadway, P. O. 
Box S56, New York City. 

April 

15, 1884 

The Storage Battery Supply Co., 239 
E. 27th St., New York City. 

May 

20, 1890 

Inspector in Electrical Engineering, 
University of Wisconsin, Madison, 
Wis. 

Mar. 

25, 1896 

Firm of Herrick & Burke, 150 Nassau 
St., New York City. 

May 

16, 1893 

S . Edison Illuminating Co., Inspection 
Dept., 55 Duane St., New York 
City; residence, 42 Livingston St., 
Brooklyn, N. Y. 

Feb. 

21, 1893 

Manager and Sec’y, and Treas. Charles¬ 
ton Light and Power Co., Charles¬ 
ton, S. C. 

Sept. 

25, 1895 

Constructing Electrician, Western 
Electric Co.; residence, 164 W. 129 
St., New York City. 

Nov. 

20, 1895 

With White-Crosby Co., 29 Broadway, 
New York, N. Y. 

Sept. 

20, 1893 

President, The Puget Sound Reduction 
Co., Everett, Washington. 

Mar. 

21, 1893 

Electrical Engineer, The Rahway 
Electric Light and Power Co., Rah¬ 
way, N. J. 

Feb. 

7, 1890 

Walker Company, 253 Broadway, New 
York City; residence, 187 Carlton 
Ave., Brooklyn, N. Y. 

Dec. 

l6, 1896 

Supt. of Inspection and Electrician, 
Boston Board of Fire Underwriters, 
55 Kilby Street; residence, East 
Milton, Mass. 

April 17, 1895 

City Electrician, 115 W. 8th St., Cin¬ 
cinnati, 0. 

• May 

l6, 1893 

Manager, Railway Advertising Co., 
261 Broadway, New York City. 

Jan. 

20, 189I 

Assistant Professor of Electrical En¬ 
gineering, Ohio State University, 
Columbus, 0 . 

June 

20, 1894 
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ASSOCIATE MEMBERS 


Name. 

Address. 

Date of Election. 

Canfield, Milton C. 

Electrical Engineer, iS Clinton St., 
Cleveland, 0 . 

Feb. 

21, 1893 

Canfield, Myron E. 

Western Electric Co.; residence, 404 
W. 44th St. New York City. 

May 21, 1895 

Capuccio, Mario 

Raimondo & Capuccio, Consulting 
Engineers and Patent Agents, Piazza 
Statuto 15, Turin, Italy. 

Dec. 

20, I893 

Carichoff, E. E. 

Electrical Engineer. Sprague Electric 
Elevator Co., Bloomfield, N. J. 

Mar. 

21, 1894 

Carpenter, Chas. E. 

Vice-President, Carpenter Enamel 
Rheostat Co.; residence, 36 W. 35th 
St., New York. 

Aug. 

5, 1896 

Carson, David I. 

Secy, and Gen. Supt., The Southern 
Bell Telephone and Telegraph Co., 
26 Cortlandt St., New York City. 

Dec. 

21, 1892 

Carty, J. J. 

Engineer, New York Telephone Co., 
18 Cortlandt St., New York City ; 
residence, Cranford, N. J. 

April 

15 , iSQO 

Case, Willard E. 

196 Genesee St., Auburn, N. Y. 

Feb. 

7, 1S88 

Casper, Lours 

Electricial Engineer and Contractor, 
307 New' Ridge Bldg., Kansas City, 
Mo. 

April 

21, 1891 

Chadbourne, Henry R. 

, Jr. Electrical Engineer, 130 Bedford 
St., Boston, Mass. 

May 

15, 1894 

Chapman, A. Wright 

Electrical Engineer, 160 Hicks St., 
Brooklyn, N. Y. 

Mar. 

25, 1896 

Cheney, Frederick A. 

Maple Avenue, Elmira, N. Y. 

Oct. 

1, 1889 

Chermont, Antonio Lei 

tTE Engineer, Firm of Chermont, Silva 
and Miranda, Box 252, Para, U. S. 
Brazil. 

Mar. 

18, 1890 

Chesney, C. C. 

Electrician, Stanley Laboratory, Pitts¬ 
field, Mass. 

June 

20, 1894 

Childs, Sumner W. 

The Degnon Construction Co., 26 
Wade Bldg., Cleveland, Ohio. 

May 

15, 1894 

Childs, Walter H. 

Brattleboro, Vt. 

Sept. 

6, 1887 

Chism, George F. 

Civil Engineer, 92 State St., Albany, 
N. Y. ' 

Mar. 

21, 1893 

Chubbuck, H. Eugene 

Vice-President, The Pueblo Electric 
Street Railway Co., Pueblo, Col. 

Dec. 

4, 1S88 

Clark, Chas. M. 

Student, Electrical Course, Columbia 
University; residency, 831 Madison 
Ave., New York City. 

April 

22, 1896 

Clark, LeRoy, Jr. 

Electrician. Safety Insulated Wire and 
Cable Co., 229 West 28th St., resi¬ 
dence, 350 West 30th St., New r York 
City. 

May 

15, 1894 

Clark, William J. 

General Manager, Railway Dept. Gen¬ 
eral Electric Co., 44 Broad .Street, 
New York City. 

April 

22, 1896 

Clement, Lewis M. 

1013 Central Ave., Oakland, Cal. 

April 

21, 189I 

Clough, Albert L. 

Box 114, Manchester, N. H. 

Feb. 

21, I894 
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Name. 

Address. 

Date of 

Election. 

Cody, L. P. 

Manager and Engineer, Grand Rapids 
Electric Co., 9 South Division St., 
Grand Rapids. Mich. 

Aug. 

5, 1S96 

Coffin, Chas. A. 

General Electric Co., 180 Summer 
St., Boston, Mass. 

Dec. 

6, 1SS7 

Cogswell, A. R. 

Electrician and Superintendent, Hali¬ 
fax Illuminating and Motor Co., 
Ltd., 34 Bishop St., Halifax, N. S. 

April 

21, 1891 

•Coho, Herbert B. 

H. B. Coho & Co.. Electrical En¬ 
gineers, 203 Broadway, New York 
City. 

Mar. 

21, 1894 

•Coles, Kdmund P. 

Resident Engineer, Manaos Electric 
Lighting Co , Manaos, U. S. Brazil. 

Oct. 

23, 1895 

Colgate, Geo. L. 

Electrical Engineer, Ironclad Rheostat 
Co., Westfield, N. J.: residence, 
Fanwood, N. J. 

June 

17, 1S90 

•Colles, George W. Jr 

A. B., AI E. Metropolitan Water 
Board, 3 Mt. Vernon St., Boston, 
Mass. 

Oct. 

23, 1895 

•Collett, Samuel D. 

Engineer Construction Dep’t, New 
York Telephone Co-. 18 Cortlandt 
St., New York City; residence, 
Van Pelt Manor, N. Y. 

Feb. 

26, 1S96 

Colville, Frank C. 

Electrician and Inventor, 1503 Seventh 
Ave.. Oakland, Cal. 

May 

19, 1S9I 

Compton, Alfred G. 

Professor of Applied Mathematics, 
College of the City of Neiv York, 
17 Lexington Ave., New York City. 

Nov. 

I 1887 

Coolidge, Charles A. 

Electrical Engineer, Superintendent, 
Northern Improvement Co, 591 
Hood St., Portland, Ore. 

April 

19, 1892 

Corey, Fred Brainard 

Sec’y Springfield Elevator and Pump 
Co., Springfield. Mass. 

Dec. 

20, 1S93 

Cornell, John B. 

Supt. of Construction, with Chas. L. 
Cornell, Hamilton, 0 . 

Sept. 

25 , 1895 

•Corson, William R. C. 

Electrical Engineer, The Eddy Electric 
Mfg. Co., Windsor, Conn. 

Jan. 

17 , 1893 


Cory, Clarence L. Professor of Electrical Engineering, 

University of California, Berkeley, 

' Cal. April 19, i8q2 

CRAIN ' ^ 0HN JAY ’ E1 Cercl Niagara S' 7 .I*"* Dec. x6, *8,6 

■Crandall, Chester D. Astot Wrt 

r cSo e nf' 4433 EIIiS Ave ‘ Chl ' Se P‘- I ®9 2 

Manager «. W. 

Maiden Lane, New York City; 

S n e Ce k1. UaIStead P1 " ^ 7. >888 

■Crawford. Dxvn, *«,**■; Sep , S5 , ,8 95 

Crawford, L. G. Su£, ^pair Dep’t General Electric ^ ^ ^ 


Cory, Clarence L 
Crain, John Jay, 


•Crane, W. F. D. 


Crawford, L. G. 


Sept. 25, 1895 
Oct. 23, 1895 
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ASSOCIATE MEMBERS 



Name. 

Address. 

Date of Election.. 

Creaghead, Thomas J. 

President and General Manager, 
Creaghead Engineering Co., 296 
Plum St., Cincinnati, O. 

Sept. 

20, 

1S93 

Crehore, Albert C., Ph.D . Assistant Professor of Physics, 
Dartmouth College, Hanover, N. H. 

Dec. 

21, 

1892 

Crews, J. W. 

Manager, Southern Bell Telephone 
and Telegraph Co., 124 Main St., 
Norfolk, Va 

Sept. 

r 9 » 

1894. 

Grig gal, John E. 

Electrician, 12 Nelson Place, New¬ 
ark, N. J. 

June 

20, 

1S9+ 

Crosby, Oscar T. 

White-Crosby Co., 1417 G Street, 
Washington, D. C. 

Mar. 

18, 

1890 

Croxton, A. L. 

Electrical Engineer, Standard Electric 
Co., 7118 Drexel Ave., Chicago, Ill. 

J vine 

20, 

1894 

Cumner, Arthur B. 

69 Broad St., Boston, Mass. 

Feb. 

27 , 

1895 

Cunningham, E. R. 

Sup’t Fort Dodge Light and Power 
Co., Fort Dodge, Iowa. 

Jan. 

22 , 

1896 

Cuntz, Johannes H. 

Assistant to President Henry Morton, 
Stevens Institute of Technology, 
325 Hudson St., Hoboken, N. J. 

Mar. 

5 * 

1889 

Curtis, Chas. G. 

410 Havemeyer Bldg.. New York 
City, 

April 

15, 

1884 

daCunha, Mangel Ignacio Manager of the Electrical Section, 
Emprera Industrial Cram-Para, 
Para, U. S. of. Brazil. 

May 

16, 

1893 

Dame, Frank L. 

General Sup’t, Tacoma Railway and 
Motor Co., Tacoma, Wash, 

June 

26, 

1891' 

Dana, R. K. 

Agent, Washburn and Moen Mfg. 
Co., 16 Cliff St., New York City. 

April 

15, 

1884 

Danielson, Ernst 

Consulting Electrician, 16 Scheele 
Gatan, Stockholm, Sweden. 

June 

27, 

1S95 

D arrow, Eleazar 

Professor M. E. Dept. Washington 
Agr. College, Pullman, Wash. 

Aug. 

5 > 

1 896 

Davenport, C. G. 

Expert and Agent, General Electric 
Co.. 44 Broad St., New York City. 

Nov. 

21, 

1894 

Davenport, George W. 

61 Ames Bldg., Boston, Mass. 

J line 

4 , 

1889 

Davidson, Edw. C. 

Patent Lawyer, Room 179 Times 
Bldg., New York City. 

Feb 

7 » 

1890 

Davis, Delamore L. 

Superintendent, Salem Electric Light 
and Power Co., 299 Lincoln Ave., 
Salem, 0 . 

April 

,, 

1889 

Davis, Joseph P. 

Engineer, American Bell Telephone 
Co., 113 W. 38th St.,New York City. 

April 

1 5 » 

1884 

Davis, W. J., Jr. 

Electrical Engineer, General Electric 
Co., Schenectady, N. V. 

Mar. 

20, 

189^ 

Decker, Edward P. 

Electrical Engineer, New York 
Telephone Co., 18 Cortlandt St., 
New York City; residence, Van 
Pelt Manor, N.'Y. 

Feb. 

26, 

1896* 

Degen, Lewis 

Constructing Engineer, Gen’l Electric 
Co., Rio de Janeiro, Brazil. 

Sept, 

25, 

1895, 
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Name. 

Address. 

Date of 

Election. * 

I )K K HOTl NSK V. C Al'T. 

Atiuu.Ks, Late Chief Electrician and 
Torpedo Officer, imperial Russian 
Navy, American Bell Telephone Co., 
42 Farnsworth St., Boston, Mass. 

Oct. 

27, 1891 

DKEaNi'KV, l )AUKill 

Manager of Kodak Bark Works, East¬ 
man Kodak Co., Rochester, N. Y. 

Sept. 

19, 1894 

Denton, Jamks K. 

Professor of Experimental Mechanics, 
Su*vens Institute of Technology, 
Hoboken, N. J. 

July 

12, 1887 

I )j:smoN1 % J KKt;. A. 

Electrical Engineer, Boston Electric 
Light Co., Ames Bldg., Boston, 
Mass 

Jan. 

19, 1S92 

I »t-.sv \ U , JoJIN r 11 • * M A 

,s Electrical Expert, Western Electric 
Co.; residence, 33 Rue Houewijns, 
Antwerp, Belgium. 

May 

2 T , I.895 

1 ){> V, I I AUK V L 

Ptes’t and Gen‘1 Mgr, L>ey-Griswold 
Co., to8 Fulton St., New York City, 
residence, 342 'Tenth St:., Brooklyn, 
N. Y. 

Dec. 

I<), 1894 

Du 4U* KSon, T N 

Attorncy-acLaw, 6.4 E. 34th St., New 
York < ‘it). 

April 

15, r884 

Doimn-:, Kohku \ S. 

Electrieal Engineer. Riding MilLon- 
Tyne, Northumbei land, Eng. 

Feb. 

5, 1889 


Dot m M i l k, Ccacivncu K. Manager ami Electrician, Roaring 
Dork Elect rie Eight nml Power Co., 




Aspen, Colo, 

May 15, .1894 

Doom ri 1 

k, ‘Thomas B. 

Engineering I department, American 
Bell Telephone Co., 125 Milk St., 
Boston, Mass, 

May 16, 1893 

DOK KMHs 

t ’ h VI t c» A, 

J/, /}. /'/{,/). 59 \V. 51st St., New 

York City. 

July 7, 1884 

Dokk, Et :ank IL 

Electrical Engineer, ( * client l iUeetrie 
Co,, Monadnoek Building, Chicago, 
III. 

May 15, 1894 

1 >K }*, v ,! l' U 

, < ‘HAKt.to l\. 

17 Lexington Ave., New \ ork City. 

Dec ib, 1890 

DHVSDAI.K, \V 1 14 4 am A. 

Consulting Electrical Engineer, Hale 
Building, Philadelphia, Pa, 

Sept. 19, 1894 

Dt Boh, 

D 14 AN 

Chid Electrician, Mohawk Division 
\, Y. C & LL R. K. R. Albany, 
N. V, 

Nov. 20, 1895 

Duncan, 

John D. K. 

344 S. 4th St.. 'Terre Haute, Ind. 

Mar. 20, 1895 

Duncan, 

'Thomas 

Electrician, Laboratory fort Wayne 
Electric Corporation, 407 Broadway, 
Fort Wayne, rial. 

Oct. 17, 1894 

Duncac, 

Wtt i. Knox 

Electrical Engineer, Westinghouse 
Elec, and Mfg. Co., Niagara falls, 

N. Y. 

Sept. 25, 1895 

Dunn, Kim.si \ \ t «. 

Dunn & McKinley, Electrical Con¬ 
tractors, 523 Mission St,, San rran- 
cisco, Cal, 

Oct. 17, *894 


476 

Name, 

ASSOCIATE MEMBERS 

Address, 

Date of Pled ion. 

Durant, Edward 

Electrician, 115 East 2.6th St., New 
York City. 

Nov. 

15, 1892 

Durant, Geo. F. 

Vice-Pres’t Bell Telephone Co., of Mo., 

511 No. 4th St., St. Louis, Mo. 

Apri I 

15, 1884 

Dyer, Francis Maron 

Associate Engineer with Chas. L. 
Eidlitz, 10 West 23d St ; residence, 
355 Lenox Ave., New York City. 

Sept. 

19, 1894 

Eddy, II. C. 

Electrical Engineer and Contractor, 
Lees Building, Chicago, Ill. 

June 

20, 1894 

Eden, Morton Edward Electrical Inspector, Western District 
the Underwriters’ Association of 
the Middle Department, 245 Fourth 
Ave., Pittsburg ; residence, Warren 
Pa. 

Sept. 

19, 1894 

Edwards, James P. 

Electrical Engineer, 1569 Walton Way, 
Augusta, Ga. 

April 

TQ, 1892 

Eglin, Wm, C. L. 

Chief of Electrical Department* Edison 
Electric Light Co.. 909 Walnut St.; 
residence, 4230 Chester Ave., Phila¬ 
delphia, Pa. 

Sept. 

19, 1894 

Eidlitz, Chas. L. 

1.0 West 23d St.: residence, 1125 
Madison Ave , New York City. 

Sept. 

-T 

O 

CO 

dv 

Ekstrom, Axel 

Electrical Engineer, General Electric 
Co.; Schenectady, N. Y. 

June 

17, 1890 

Eley, Harris H. 

Electrical Workshop Supt. W. C. & S, 
W. Telephone Co., 88 Colston St., 
Bristol, Eng. 

Jan. 

7, 1890 

Ellicott, Edward B. 

Superintendent of Construction, West¬ 
ern Electric Co., 4438 Ellis Ave., 
Chicago, III. 

Sept. 

19, 1894 

Elmer, William, Jr. 

Electrical Engineer, Trenton Iron Co., 
Trenton, N. J. 

Mar. 

18, 1890 

Ely, Wm. Grosvenor, 

Jr. 8 Union Street, Schenectady, N.Y. 

Mar. 

21. 1893 

Emmet, Herman L. R. 

Publisher and Printer, 36 Cortland! 
St., New York City. 

April 

15, 1884 

Ende, Siegfried II. 

1459 Madison Ave., New York City. 

J an. 

'7, 1 8c,4 

Entz, Justus Bulkley 

Electrical Engineer, Electric Storage 
Battery Co., 19th St., and Allegheny 
Ave., Philadelphia, Pa. 

Jan. 

7, 1890 

Erickson, F. Wm. 

'Edison Electric Illuminating Co., 3 
Head Place, Boston, Mass. 

Sep. 

19, 1894 

Essick, Samuel V. 

Electrician, Consolidated Telegraph 
and News Co., 53 Park Place. New 
York; residence, Yonkers, N. Y. 

May 

19, 1891 

Esty, William 

Assistant Professor of Electrical Engi¬ 
neering, State University, IJrbana, 

Ill. 

Mar. 

20, 189,9 

Etheridge, Lockk 

Chicago Telephone Co.; residence* 
4714 Kenwood Ave., Chicago, Ill, 

Oct. 

17, 1894 

Ethertdge, E. L. 

Care of J. P. Hall, 143 Liberty St,, 
New York City 

Dec. 

20, 1893 


\SSOVfA TM M&MUms 
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Numc. Address, Date of Election, 

EVANS, Kuwakd A, Acting Chief Engineer, 'The Quebec, 

Montmorency ami Charievoin Kail- 

wav, Quebec, Canada. Jan. 22, 1896 

Ev n 1*’, M. K. Manner* Harrison Works, Genera! 

Elect! if Co., Harrison, N. J. Oct 17, 1894 

Kaknswokth, A ktih : i; j. Chief' Engineer, I.arelimont Electric 

Co, Mamanmeck, N. V. Jan. 16, 1895 


ICVV, TuttMA.s j. Crocker* WheelcM* Electric Co., 143 

! abet ty St., New York City. June 26, 1891 


EtKU 4 N‘ >■, 1‘ KAN ! 

i.m Mr,|« f: 

E.. 

»rr.j 

Chemist and Assayer, Virginia City, 

Ncv, 

Sept. 

6, 1887 

ElKTtl, \Ym. i i" 

; A k 

Chitd Engineer, The Midvale Steel 
Co., Niceumn, Philadelphia; rcsi* 
deuce, v«3 Boyer St., (lei mantown, 

1 ’a. 

Mar. 

25, i896 

Ftsrtthi , 4 it"- v' 

vr, J. 

Engineer for ddarmvay Construction, 
Public Works department, Sydney, 
N. S. W, 

Jan. 

20, 1891 

Enai, Mu in". 1. 


inti Nordvke Aw., Indianapolis, Ind. 

Oct. 

21, 1896* 

Er hi ik it, 1 i cnk v 

w. 

Electrician and director of. Elec, and 
(In,an. laboratories; d’he Standard 
l : nderground ( aide Co., Pittsburg, 
Pa. 

Jan. 

X6, 1895 

Ell* i , J. PAUKi 

S.H E, 

C*4 1 hwonsbire St., Poston, Mass. 

June 

17, 1890 

Ei At;o, Siam i 1 

0;.. Jr. 

Stanley Flagg N Co., 19th St., 

and Petma. Ave., Philadelphia, Pa. 

April 

18, 1893 

Ei.A\ Til* 

*M:\a El V 

a i i General Manager, Suburban Eight 
and Power Co., 12 llawlcv Street, 
Boston. Mass. 

Jan. 

17, 1894 

Et.ATnr.e, 

I. 

Professor of Mechanical Engineering, 
Purdue Cmversitv, Ealayettc, hid. 

April 

19, 1892 

Ei,ki;m., dr.o, c 


East * hie.go», inti. 

Sept. 

20, 1893 

El.l-Mis*:, Kicii 

A!-t U 

Edeeirieian, Navy Yard, N. \ .; resi¬ 
dence, Jamaica, N. Y. 

Oct. 

IS, 1893 

Et.lha-H, t. 

,K‘, 

{% 1 c t *fi seal Engineer, A11ge m eine E1 ck•• 
Dieitate Geseilsehall, 22 Sehiffbnuer- 
damm, Beilin, N. W. Germany. 

Sept. 

27, 1892 

Fust, Ml U t It AM P. 

Fie. meal and Mechanical Engineer, 
opt, \\ ediiugton. Alexandria and 
Mt. Vernon Electric Railway Co., 
Washington, d. C. 

Jan. 

17, 1894 

Flood, j, E 


Sup's Steubenville Traction < 0., 

Steubenville, 0 . 

Mar. 

18, 1890 

Ei,rntv* Cvv. 11 

1 C 

[ ink Belt Engineering Co., Nice town, 
Philadelphia. Pa. 

April 

22, 1896 

Ei.ov, 11 inNi* v 


Engineer Westing house 1 ’. lee trie and 
NHg. t*o.. 171 1 .aSaileSt.; residence, 
c'tj.p j Cornell A ve., < dtieago, HP 

May 

17, 1892 

Foot t , At PEN 

R. 

Amtrimn Hxporter, 1 M 4 Broadway, 
New Vosk City. 

April 21, 1891 

l* o< M E, 1 ‘llAHl 

1 A W. 

C#rnm! Manager, Citizens Traction 
Co., San diego, CaP 

Sept. 22, 1891 
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Foote, Thos. H. 

Electrical Engineer, C. & C. Electric 
Co., Garwood, near Westfield, N. J. 

April 

2i, 1891 

Forbes, Francis 

Lawyer, 32 Nassau St., New York City. 

Sept. 

16, 1890 

Forbes, George 

Electrical Engineer, 34 Great George 
St., London, Eng. 

Feb. 

21, 1894 

Ford, Frank R., M. E. 

Consulting Engineer, Ford, Bacon & 
Davis, 220 Broadway. New York 
City. 

Mar. 

25, 1896 

Ford, Wm. S. 

Assistant to Chief Engineer, The 
American Bell Telephone Co., 
Room 73, 125 Milk St., Boston, 
Mass. 

June 

7, 1892 


Francisco, M. J. 

President and General Manager, Rut¬ 
land Electric Light Co., Rutland,Yt. 

June 

17, 1890 

Fran ken fi eld, Budd 

Instructor in Electrical Engineering, 
The University of Wisconsin ; resi¬ 
dence, 640 State St., Madison, Wis. 

Feb. 

17, 1897 

Franklin, W. S. 

Prof, of Physics, Iowa State College, 
Ames, Iowa. 

Jan. 

22, 1896 

Frantzen, Arthur 

Electrical Engineer and Contractor, 
225 Dearborn St., Chicago, Ill. 

Feb. 

21, 1894 

French, Prof. Thomas, Jr. Ph.D. Avondale, Cincinnati, 0 . 

Sept. 

20, 1893 

Frenyear, Thomas C. 

Westinghouse Electric and Mfg. Co., 
Erie County Bank Bldg., Buffalo, 
N. Y. 

Sept. 

25, 1895 

Fridenberg, If enry Leslie, M. E. Stanley Mfg. Co., (Meter 
Dept.,) Pittsfield, Mass. 

Jan. 

16, 1895 

Friedlaender, Eugene 

Electrician, Carnegie Steel Company, 
Duquesne, Pa. 

Nov. 

20, 1895 

Frost, Francis R. 

Westinghouse Electric and Mfg. Co., 
427 South Ave., Wilkinsburg, Pa. 

Dec. 

20, 1893 

Frost, Joseph W. 

Secretary, National Automatic Fire 
Alarm, 335 Broadway, New York 
City. 

Mar. 

20, 1895 

Gallahf.r, Edward B. 

Consulting and Supervising Engineer, 
99 Cedar St.; residence, 1190 Madi¬ 
son Ave., New York City. 

Jan. 

19,1895 

Galletly, J. Fred. 

Electrician, Swift & Co., Chicago, Ill, 

Mar. 

21, 1894 

Garrels, W. L. 

4531 West Pine Boulevard, St. Louis, 
Mo. 

Mar. 

20, 1895 

Gerry, James H. 

Superintendent, The Self-Winding 
Clock Co., 163 Grand Ave., Brook¬ 
lyn, N. Y. 

April 

18, 1894 

Gerson, Louis Jay 

Engineer and Contractor, 7x2 Sansom 
St. ; residence, 637 S. 49th St., 
Philadelphia, Pa. 

Sept. 

19, 1894 

Gherardi, Bancroft, Jr.,' Assistant in the Engineering Dept. 

New York Telephone Co.; resi¬ 
dence, 30 East 33d St., N. Y. City. 

June 27, 1895 

Gilliland, E. T. 

Pelham Manor, N. Y. 

April 

15, 1884 
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Name * Address. Dare of Election. 

Gilmore, Ldcien H. Prof, of Physics and Electrical Engi¬ 
neering, Tbroop Polytechnic Insti¬ 
tute, Pasadena, Cal. Mar. 20, 1895 

-GiTHKNS, WAITER L. Manager, H, P. Elec. Eight and 

Power Co., 7284 So. Chicago Ave.; 
residence, 5101 Kimbark Ave., Chi- 

NIs. Jan. 22, 1896 

Glading, Prank W., M. h.. A/, S, With Win, Cramp & Sons, 

Ship and Engine Building Co., 

Philadelphia, Pa. May 15, 1894 

Gladstone, James VVm. Manager, Edison Mfg. Co., no East 

23dSt.;residence,West Orange,N.J. April 18, 1894 

Goddard, Chris. M, Secretary and Electrician, New En¬ 

gland Insurance Exchange See’y 
Gmlerwriters* National Electric 
Ass’n, 55 Kilby St,, Boston, Mass. April 22, 1896 

Goldmark, Chan. J. Electrical Engineer, 39 Cortland 1 St , 

and 473 Park Ave,, New York City* June 5, 1888 

Goldshorodoii, Winder Ki.wej t, J/, K, , Prolessor of Elec¬ 
trical Engineering, Purdue Univer 
sity, Lafayette, I mi Mar. 21, 1893 

Gorton, Charles Civil Engineer. Belmont, N. Y. Nov. 12, 1889 

•Gordon, Reginald 1 utor in Physics, ('olumbia College. 

residence, 330 Eexmgton Ave., New 
^ °rk City. Kel>. 24, 1891 

Gorkissen, < ii. With Siemens A llalske, Franklin- 

strasse 20, t "hatlottcnburg, (#er. Mar, 25, 1896 

GOSSI.KR, PHILIP G. Electrical Engineer, Royal ElectricCo. 

94 Cucru St., Montreal, P. Q. June 20, 1894 

Gorr, C la rente, P, Chief Engineer and Electrician Grand 
Central Palace; residence, 83 Wash¬ 
ington Place, New York City. Nov. 20, 1895 

•Graham, Gkoroe Wallace 80 I>eeimn St., Brooklyn, N. V* I>ee, 1.9, 1894 

Graniukv, Julian IE draughtsman, with Post fc McCord, 

289 4th Ave., N, Y.; residence. 

Cluster, N. J. Aug. 5,1896 

Grerni.eaf, Lewis Stone Klectriad Expert, The American 
Hell Telephone Co M 42 Farnsworth 
St ; residence, “ The Ludlow,'* 

Clarendon St., 1 tost on, Mass Aug. 5, 189 0 

Grkkn, Klwsn CMNt'oN Be sting I department and Installing 
Work, jenney Electric Motor Co., 

206 South East St,, Imiiarmpolis, 

Ind Mar. 25, 1896 

Grieeks, Eugene Senior Partner, Firm of Griflfes and 

Sumner, 50ft South Broadway, Lon 
A ngeles. Cal. Feb. 26* *896 

Griffin, Cart. Eugene First Vice-President, General Electric 
Co., Schenectady, N. V.; residence, 

523 State St , Albany, N. V, Feb. 7, 1890 

Griit, James E, Mechanical Engineer, Pennsylvania 

Iron Works Co,, 50th ami Lancas¬ 
ter Ave,; residence, 9x8 North 44th 
St, Philadelphia, Pa. Mar. 20, 1895 
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Date of Election. 

Gross, S. Ross 

Electrician, Tennessee Coal, Iron and 
R.R. Co., Ensley, Ala. 

May 

17, 1892 

Grower, George G. 

Electrician and Chemist, Ansonia 
Brass and Copper Co., Ansonia, 
Conn. 

Mar. 

18, t8go> 

Guy, George Heli 

Secretary, The New York Electrical 
Society, 203 Broadway, New York 
City. 

May 

16, 1893 

Hadley, Arthur L. 

Assistant Electrician to Chief Electri¬ 
cian and Gen’] Supt., Fort Wayne 
Electric Corporation, 149 Griffith 
St., Fort Wayne, Ind. 

Oct. 

17, 1894 

Hadley, Warren, B. 

30 Cortlandt St,, New York City. 

June 

26, 1891 

Hadley, Fred’k W. 

Electrical Eng’r, Arlington Heights, 
Mass, 

Aug-. 

5, 1896 

Hakonson, Carl Harold Electrical Engineer, with the Union 
Elektricitiits Gesellschaft, Hollmann 
Str. 32, Berlin S. W., Ger. 

Sept. 

25, 1895 

Hall, Edward J. 

Vice-President and General Manager, 
American Telephone and Telegraph 
Co., 18 Cortlandt St ,New York City. 

April 

18, 1893 

Hall, Edwin H. 

Assistant Professor of Physics, Har¬ 
vard College, Gorham St., Cam¬ 
bridge, Mass. 

Sept. 

3, i88g 

Hall, J. P. 

Electrical Contractor, 143 Liberty St., 
N. Y.; residence, 200 W. 136th St., 
N. Y. 

Aug. 

5, 1896 

Hall, William P. 

President, The Hall Signal Co., Vice- 
President The Johnson Railroad 
Signal Co., 44 Broad St., New York 
City. 

Sept. 

r6, 189a 

Halsey, William B. 

Electrician and Horologist, 246 Elton 
St., Brooklyn, N. Y. 

Mar. 

18, 1890 

Hamerschlag, Arthur A. Electrical Expert, and Owner 
Hamerschlag & Co., 26 Liberty St., 
New York City. 

Mar. 

25, 1896 

Hammatt, Clarence S. 

Supt., Jacksonville Electric Light Co., 
Jacksonville, Fla. 

Sept. 

20,1893 

Hammer, Edwin W. 

Electrical Engineer, 46 Second Ave., 
Newark, N. J. 

Nov. 

18, 1896 

Hanchett, Geo. T. 

Electrical and Technical Engineer, 
253 Broadway, N. Y.; residence, 
Hackensack, N. J. 

May 

19, 1896 

Hancock, L. M. 

P. 0 . Box 151. Nevada City, Cal. 

May 

19, 1891 

Harding, H. McL. 

253 Broadway, New York City. 

May 

24, 1887 

Harris, George H, 

Electrical Engineer, Birmingham Rail¬ 
way and Electric Co., Birmingham, 
Ala. 

June 

20, 1894 

Harris, W. C., Jr. 

Electrician, Harris & Williamson, Bir¬ 
mingham,' Ala. 

April 

17, 1895 

Hart, Francis R. 

President and General Manager, Carta- 
gena-Magdalena Railway Co., care 
of Old Colony Trust Co., 1 Court 
St., Boston, Mass. 

April 

21, 189* 
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; S ' W,rtr * ... , ^hhrv*. Date o f Election 

Hartman* 11 kurku l i . i pr. 10th ami Sansoin Streets PhiFi- 

tlulphia. I>a. ‘ Mar. ai. 1893 

HAK [S^S r K * 10 S ‘- '•' n,uk,in S ‘" "’ilte-narre. Pa. Sept. 25. ,89s 

Hathaway, josi:i*n D., Jr. Assistant in Cable Dep’t Western 
FUa ttin Cu., 22 'Thames St., N. Y. 

1 U * v * Aug. 5, 1896 

Hat/T.i , j. C- Elect lira I Engineer am! Contractor, 

U | i*lifh Avis, New York City. Sept;. 3, t8Sg» 
Hkaj.y, I a )its W. Mechanical engineer's < )ilice,jAitooria, 

June 26, 189it 

Hkdknih Kli, Wm. 1 . Firm of liedenberg N Kinsey, Con- 
' tilting ami (‘oustmeting Kngin- 


Hat/T.i , j. C. 
Hkaj.y, I .oris W. 


* tin ton Place, New Yoik (.'ity, Nov, 

21, 18941 

1* * ( itaiftiaUr Student Cornell Univer- 


Mtv, 68tj Wiltoughi 

•y Ave.. Brooklyn, 


N Y 

May 2i, 189s 

« hie I of 1 »ata 1 *cpt., 

Dnion Klektriej- 


f its (le.rlls. butt, 

K It ,-ist St 1 asst* 29, 


Berlin, 1 iermany. 

Jan. 

20, 1897 

Student at the < 

'oliege at Berlin, 


Berliner Sir. 75, 

( Tiarlottenburg, 


* .eimany, 

June 

27,1895 

Electrician, 11 v»:r*s 

■heehan Electric 


Motor < ‘0., too F 

ihnson St., New 


faugh. N. Y. 

Sept. 

25. I*0S 

Suprt intrude nt, Fite 

Alarm and Police 


’Telegraph, 9 lire 

niuun Plate, San 


{* rauetsco, < *ul, 

May 

is. IH <)4 

lahaitneal 1 ngim rr» 

Kail way Dept, 


Crucial Electric* < 

‘0,, St heneetatly, 


V, 

May 

u), 1891 


Hii.r, i „ A, i MitsiTting F nginert, u Ilitiutlway, 

New \ittk t ity, April 19,1892 

Him*, NlEitMf.AS S, t ft*. Chief Engineer Water Department, 

City 1 fall, Bilfimofc, Md, Aug. 5, 1896 

(lOHAKT, JifcMtv M, 2 %tiyiiterr, rare Htitish Thomson* 

Houston t Yu, (’ummij St., lain* 

**"» E*»g. April t8, 1894 

HkXHfHAPsKiv, Wu.mavi Elect tic inn, 74 llanwm II,, Ihtrokjyn, 

N V April 15, 1884 

HiOhHKKTuN, t.Jreiittit- i\ Elect 0*1*1 ami Met harden 1 Kitgittwr, 

Hon xptti, San Hanmeo, Cal May 15,1894 


:IOLT, MIlott uku., Mmtnjj and Electrical Engineer, 

2H7 Ee^ingtou Ave, New York, N.V. April 15, 1890 

rlOMMEL, Stmt, of 4 Yuen! ruction, Stamltm! 

i I mtri ground Cable Co,, Westing- 

fnniws Budding, Pitfsbttrg, Pa Jan. 20, £897 

icKHg Kam*ii Ft, Electrical Engineer, Danvers, Mass. April 18, 1894 

rloPKiNM, N♦'.vii, Moni-me I Ircirkal 1 ngincer, 1739 I Street, 

Wjtthmgtun, D, ih Nov, ao, 189* 
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Date of Election. 

Hornsby, Harry H. 

Electrical Inspector, 16 City Hall, 
Chicago, Ill. 

June 

27, 1895 

Howson, Hubert 

Patent Lawyer, 38 Park Row, New 
York City. 

June 

8, 1887 

Hubbard, Albert S. 

Electrical and Mechanical Engineer, 
The Electro Chemical Storage Bat¬ 
tery Co., Belleville, N. J. 

Nov. 

20, 1895 

Hubbard, William C. 

Engineering Department, The Electric 
Arc Light Co., 689 Broadway, New 
York City; residence, 427 West 7th 
St., Plainfield, N. J. 

April 

18, 1894 

Hubley, G. Wilbur 

Electrical Engineer, Louisville Electric 
Light Co.; residence, Kenton Club, 
Louisville, Ky. 

Sept. 

19, 1894 

Hubrecht, Dr. H. F. 

R. Director, Nederlandsche Bell Tele¬ 
phone Co., Amsterdam, Holland. 

Oct. 

4, 1SS7 

Hudson, John E. 

President, The American Bell Tele¬ 
phone Co., 125 Milk St., Boston, 
Mass. 

Dec. 

20, 1893 

Huggins, N. W. 

Salesman, etc.. General Electric Co., 
Seattle, Wash. 

Aug. 

5, 1896 

IIUGUET. CHAS. K. 

Electrical Engineer, 693 W. Adams 
St., Chicago, Ill. 

June 

27, 1895 

Hull, S. P. 

Chief Electrician of Hudson Div. N. 
Y. C. & H. R, R. R. Co., Pough¬ 
keepsie, N. Y. 

May 

19, 1896 

Hulse, Wm. S. 

Electrical Engineer, Fort Wayne Elec¬ 
trical Corporation. 228 Fairfield 
Ave., Fort Wayne, Ind. 

Mar. 

25, 1896 

Humphrey, Henry H. 

Consulting Electrical Engineer, Bryan 
& Humphrey, Turner Building, St. 
Louis, Mo. 

Dec. 

16, 1896 

Humphreys, C. J. R. 

Manager, Lawrence Gas Co., and 
Edison Electrical Ill. Co., Law¬ 
rence, Mass. 

Sept. 

6, 1887 

Hunt, Arthur L. 

Electrician, W. R. Fleming & Co., 203 
Broadway, New York City. 

Sept. 

19, 1894 

Huntley, Chas. R. 

General Manager, Buffalo General 
Electric Co , 40 Court St., Buffalo, 
N. Y. 

Sept. 

25 . 1895 

Hutchinson, Frederick L. F.lectrical Engineer, Elizabeth, 
N. J. 

June 

20, 1894 

Idell, Frank E. 

Havemeyer Building, 26Cortlandt St., 




New York City. 

July 

12, 1887 

Ahlder, John D. 

Electrical Engineer, Otis Electric Co., 
Yonkers, N. Y. 

Oct. 

2, 1888 

illJIMA ZENTARO, 

In charge of Transformer Testing 
Dep’t.j Wagner Elec. Mfg. Co., 
2017 Locust St., St. Louis, Mo. 

Jan. 

22, 1896 

Ingold, Eugene 

Consulting Engineer and Expert, 1669 
Second Ave., Pittsburg, Pa. 

April 18, 1894 

Insull, Samuel 

President, Chicago Edison Co., 139 
Adams St., Chicago, Ill. 

Dec. 

7, 1886 
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Name. 

Address. 

Date of Election, 

Irvine, Drew W. 

Box 167, Montgomery, Ala. 

Sept 

25, 1895 

I ' W A P A R E , K U NII-IIK G 

Electrician, 19 Second St., Nakanosh- 
ima, Japan. 

Sept. 

20, 1893 

Izard, K. M. 

Electrical Engineer, Room X409, 315 
Dearborn St., Chicago, Ill. 

Mar. 

5, 1S89 

Jaeger, Charles L. 

Inventor, Maywood, N. J. 

Dec. 

20, 1893 

Jackson, Theodore K. 

137 56th Street, Chicago, Ill. 

May 

21, 1895 

Jackson, Wm. Steele 

326 St. Paul St., Baltimore, Md. 

April 

22, 1896 

Johnston, W. J. 

The Electrical florid, 253 Broadway, 
New York City. 

April 15, 1884 

Jones, Arthur W. 

Care of Gibbs, Bright & Co., Mel¬ 
bourne, Australia. 

Oct. 

IT. i s 94 

Jones, F. R. 

Professor of Machine Design, Uni¬ 
versity of Wisconsin, Madison, Wis, 

May 

20, 1890 

Jones, 0 . H. 

Agent, General Electric Co., Casilla 18 
D Santiago ; residence, Iquiqui, 
Chili. 

April 

17. 1895 

Jones, Henry C. 

Member of Kirin, the Electric Construc¬ 
tion and Supply Co., Montgomery, 
Ala. 

Mar. 

20, I895 

Jodson, Wm. Pierson 

U. S. Civil Engineer. Oswego, N. Y.; 
temporary address, IJ. S, Engineers 
Office, Buffalo, N. Y, 

June 

8, 1887 

Kammeykr, Carl E. 

Electrical Engineer, Maywood III. 

Sept. 

19, 1894 

Keefer, Edwin S. 

Supt* of Klecti ic Light Construction, 
Western Electric Co.. 22 Thames St., 
New York City; residence, Eliza¬ 
beth, N. j. 

April 

18, 1894 

Kf.ilholtz, I*. 0 . 

U. S. Electric Power and Light Co., 
Holliday and Centre Sts., Baltimore, 
Md. 

Mar. 

21, 1893 

Keller, E. K. 

Vice-Prest. and General Manager, 
Westing house Machine (Jo , 224 
Murtlami Ave., Pittsburg, Pa. 

Sept. 

20, 1893 

Keller, Edwin R., A/.E. 

Mechanical and Electrical Engineer, 
Falkenau Engineering Co., Ltd., 

711 Reading Terminal, 4823 Spring- 
field Ave., Philadelphia, Pa, 

M ar. 

21, 1894 

Kellogg, James W.„ M.E. General Electric Co., Lighting 
Dept,, Schenectady, N. Y, 

J une 

26, 189! 

Kenan, Wm. R. Jr. 

Chemist and Electrical Engineer, Au¬ 
stralian Carbide (Jo,, Sydney, N. S.W. 

JUH. 

20, 1897 

Kknnklly, Arthur E, 

[Lite Member 1 

(iManaxer,) Electrician, Firm of Hous¬ 
ton & Kennelly, 1105-1106 Betz 
Bldg.; residence, I he 1 .amlsmvne, 
41st St. and Elm Ave., Philadelphia, 
Pa. 

May 

r, 1888 

K.hr, W, Wallace 

Instructor of Electricity, Hebrew 
Technical Institute, 36 Stuyvesant 
St., New York City. Residence, 43 
Waverly St., Jersey City, N. J. 

Sept. 

25, f&H 
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Address. 

Date of Election. 

King, Vincent C., Jr. 

With V. C. & C. V. King, 517 West 
St.; residence, no East 16th Street, 
New York. 

Aug. 

5, 1896 

Kirkegaard, Georg 

Mechanical and Electrical Engineer, 
28 State Street, New York City ; 
residence, Giffords, Staten Island, 
N. Y. 

Sept. 

20, 1893 

Kirkland, John W. 

Electrical Engineer, General Electric 
Co., Schenectady, N. Y. 

Mar. 

21, 1894 

Kittler, Dr. Erasmus 

Professor at the Technicai High School, 
Darmstadt, Germany. 

Dec. 

16, 1896 

Klinck, J. Henry 

Dept. Electrical Engineering, Lehigh 
University, South Bethlehem, Pa. 

Jan. 

16, 1895 

Knox, Frank H. 

15 Esplanade St., Allegheny, Pa. 

June 

20, 1894 

Knox, Geo. W. 

Electrical Engineer, Chicago City Rail¬ 
way Co., 2020 State St., Chicago, 
Ill. 

Nov. 

18, 1896 

Knox, James Mason 

Student in Electrical Engineering. 
Columbia University. School of 
Mines; residence, 32 West 129th St., 
New York City. 

Jan. 

17, 1894 

Kreidler, W. A. 

Editor and Publisher, Western Elec- 
trician , 510 Marquette Building, 

. Chicago, Hi. 

Oct. 

4, 1887 

Labouisee, John Peter 

24 Front St., Schenectady, N. Y. 

Aug. 

5 , 1896 

Lamb, Richard 

Chief Engineer, in charge business of 
the Lamb Electrical Cableways, The 
Trenton Iron Co., No. 1 Broadway; 
residence, 72 W. 69th St., New York. 

Dec. 

18, 1895 

Land, Frank 

The Hamilton, E. Genesee Street, 
Syracuse, N. Y. 

Sept. 

22, 1891. 

Lane, Vance 

Manager and Superintendent Con¬ 
struction, Nebraska Telephone Co., 
Omaha, Neb. 

Dec. 

* 

19, 18941 

Lanphear, Burton S. 

Instructor in Electrical Engineering, 
Maine State College, Orono, Me. 

Jan. 

16, 1895. 

Lanman, William H. 

Board of Patent Control, 120 Broad¬ 
way, New York City. 

June 

6, 1893. 

Lardner, Henry Ackley Instructor in Electrical Engineer¬ 
ing, State College, Penn. 

Dec. 

19, 1894 

Larned, Sherwood J. 

Electrical Engineer, Chicago Tele¬ 
phone Co., 203 Washington St., 
Chicago, Ill. 

Oct. 

17, 1894 

Larrabee, Rollin N. 

Western Electric Co., 242 Jefferson St., 
Chicago, Ill. 

Mar. 

20, 1895 

Latham, Harry Milton 

Member of Engineering Staff, 
Crocker-Wheeler Electric Co., Am¬ 
pere, N. J. 

Dec. 

16, 1896. 

Lawton, W. C. 

Roselle, N. J. 

June 

6, 1893. 

LeBlanc, Charles 

Ingenieur en Chef, de la Compagine 
Generale de Traction, 24 Boulevard 
des Capucines, Paris, France. 

April 

17 , 1895.' 
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Name. 

Address. 

Date of Election. 

LeConte, Joseph Nisbet 

Instructor in Electrical Engineering, 
State University, Berkeley, Cal. 

Feb. 

27. 1895 

Ledoux, A, R., Af. S., Ph D,, 9 Cliff St., New York City. 

Dec. 

7, 1886 

Lee, John C. 

Chemist and Electrician, American 
Bell Telephone Co., Mount'fort St., 
Long wood, Brookline, Mass. 

Mar. 

18, 1890 

Lemon, Charles, 

Hon. Sec’y for New Zealand for the 
Institution of Electrical Engineers, 
Palmerston, North, New Zealand. 

Jan. 

22, 1896 

Lenz, Karl 

Draughtsman, Brooklyn Union Gas 
Co., 400 Douglas Street, Brooklyn, 
N. Y. 

May 

19, 1896 

Lenz, Charles Otto 

Electrical Engineer, Room 510, Indus¬ 
trial Trust Bldg*., Providence, R. I. 

Mar. 

15, 1892 

Le Pgntols, Leon. 

Electrical Engineer, The Westinghouse 
Elec, and Mfg. Co., Pittsburg, Pa. 

Dec. 

18, 1S95 

Levis, Minfokd 

Superintendent and Electrical Engin¬ 
eer, Novelty Electric Co., 54 North 
4th St., Philadelphia, Pa. 

Feb. 

2r, 1893 

Levy, Arthur B. 

Assistant Engineer, Arc Light Dept., 
General Elcctiie Co., 810 Lexington 
Ave., New York City. 

Jan. 

20, 1891 

Lewis, Henry Frederick William, Redlands, 48 Sydenham 
Road, Croydon, Surrey, England. 

Mar. 

5, 1889 

Liebig, Gustav A., Jr. 

'Parrytown, N. Y, 

Mar. 

6 , 1888 

Lili.ey, L. G. 

Electrical Inspector, U nderwritcrs’ 
Association of Cincinnati, S. W, Cor. 
3d and Walnut Sts., Cincinnati, O.; 
residence, Wyoming, O. 

June 

20, 1894 

Lincoln, Paul M. 

Electneian-in-eliurge, Cataract Con- 
struction Co., Niagara Falls, N. Y. 

Sept. 

25 , *895 

Lindner, Chas. T. 

* 

Martini Lindner, Electrical Engineers, 
Liming Building. San Francisco, 
Cal., residence, Berkeley, Cal. 

Dec. 

20, 1893 

Lindsay, Wm. E. 

Chief Engineer, St. Louis Dressed 
Beef and Provision Co., 3919 Papin 
St., St, Louis, Mo. 

April 

17 , I895 

Little, C, W. G, 

Engineer. British Thomson-Houston 
Co., 38 Parliament Street, London, 
Eng. 

April 

22, I896 

IX)EW EN HKRZ , H ERM A N 

Electrical and Mechanical Engineer, 




137b Lexington Ave., New York 
City, 

Feb. 

27 , I895 

Lo rimer, Geo. Wm, 

Superintendent of Construction, The 
Callender Telephone Exchange Co., 
Brantford, Canada. 

Aug. 

5. 189b 

Lqrimrr, James Hoyt 

Electrical Engineer. The Callender 
Telephone Exchange Co , Troy, <). 

Aug. 

5, 1896 

Low, George P. 

Editor and Proprietor, Journal of 
Electricity, San Francisco, Cal. 

Jan. 

17 . 189.1 


I.ozirr. Arthur he la M. M. B. Salesman and Expert, West- 
inghouse, Church, Kerr & Co., 26 
Cortlandt St.; residence, Hotel Win* 
throp, 125th St. ,W., New York City. Mar. 23, 1896 
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Name. 

Lozier, Robert T. E. 

Address. 

Electrical Engineer, 150 Nassau St., 
New York City. 

Date of Elections. 

May 20, 1890 

Ludlam, Harry W. 

With Western Electric Co., 22 Thames 
St., New York City. 

Dec. 

18, 1895 

Lundell, Robert 

Electrical Engineer, Interior Conduit 
and Insulation Co., 527 W. 34th St., 
New York; residence, 47 Brevoort 
PL, Brooklyn, N. Y. 

Feb. 

7, 1890 

Luquer, Thatcher, T. 

P. New York Telephone Co., 18 
Cortlandt St., residence, Bedford, 
N. Y. 

June 26, 1891 

Lyman, Chester Wolcott, M. A . Manager Herkimer Paper, 
Co., Herkimer, N. Y. 

Sept. 19, 1894 

Lyman, James 

[Life Member.] 

S39 Union Street, Schenectady, N. Y. 

Sept. 

19, 1894 

Maccoun, Ellicott 

Supt. of the Electrical Dep’t., The 
Carnegie Steel Co., Braddock, 1 % 

Nov. 

20, 1895 

MacCulloch, Robert C. Manager, Jos. Lough Electric Co., 
503 Fifth Ave.; residence, 209 W. 
8tst St., New York City. . 

Feb. 

27. 1895 

MacFadden, Carl K. 

Electrical Engineer, Gas Engine Dep’t 
Western Gas Construction Co., Fort 
Wayne, Ind. 

Sept. 

27, 1892 


MacGregor, Willard H. With Ward Leonard Electric Co., 

Hoboken, N. J.; residence, 359 W. 

27th St., New York City. Jan. 20, 1897 

30 Broad St., New York City; resi¬ 
dence, Englewood, N. J. Mar. 21, 1893 

Electrical Engineer, General Electric 
Co.; residence, 9 South Church St., 

Schenectady, N. Y. Mar. 25, 1896 

Superintendent and Engineer, Ken¬ 
tucky and Indiana Bridge Co., 29th 
and High Sts., Louisville Ky.; resi- * 

dence, New Albany, Ind. Aug. 5, 1896 


MacMullan, Robert Heath, Lafayette, Ind. 

Sept. 

22, 1891 

Madden, Oscar E. 

[Address unknown.] 

April 

15, 1884 

Magee, Louis J. 

Electrical Engineer, Director, der 
Union Elektricitats Gesellschaft, 
Corneliusstr 1. , Berlin, W. Germany. 

April 

2, 1889 

Maki, Heiichir 

Chief Engineer, Kioto Traction Co., 
Suyemarucho Dotemachi Maruta- 
machisagarn, Kioto, Japan. 

Aug. 

5, 1896 

Malia, James P. 

Electrician, Armour & Co., 5316 
Union Ave., Chicago, III. 

June 

20, 1894 

Mann, Francis P. 

[Address unknown.] 

June 

0, 1893 

Mann, Robert Bruce 

507 Logan Ave., Milwaukee, Wis. 

Sept. 

25, 1895 

M ANSON, Jas. W. 

Wire Chief, Franklin Street Exchange. 
New York Telephone Co.; residence, 
973 Asmterdam Ave., New York City. 

Mar. 

25, 1896 

Martin, A. J. 

Complete Electric Construction Co., 
121 Liberty St., New York City. 

Mar. 

15, 1892 


Mackie, C. P. 
Mackintosh, Fred’k. 

MacLeod, George 












Name. 

ASSOCIATE MEMBERS 

Address. 

Date 0 

48 T 

I Elections* 

Martin, Frank 

Electrical Engineer, Madison Square 
Garden Company, New York City. 

Oct. 

21, 1890 

Martin, James A. 

Martin & Witte, Electrical and Me¬ 
chanical Engineers, 58 Centre St., 
New York City. 

May 

19, 1896 

Martin, T. Commerford {Past-President.) Editor, The Elec - 
i?ical Engmeer , 203 Broadway, 
New York City. 

April 

I5» 18 84 

Mason, James H. 

Electrical Expert, 10 Fifth Ave., 
Brooklyn, N. Y. 

May 

19, 1891 

Matthews, Charles P. 

Associate Professor. Electrical En¬ 
gineering, Purdue University, Lafa¬ 
yette, Ind. 

May 

16, 1893 

Maxwell, Eugene 

Superintendent, Third Street and Sub¬ 
urban Railway Co., Seattle, Wash. 

Aug. 

5, 1896 

Mauro, Philip 

Counsellor at-Law in Patent Causes 
{Pollock & Mauro), 620 F. St., 
Washington, D. C. 

Dec. 

21, I892 

Mayer, Maxwell M. 

Mfr. of Plating Dynamos, 2d Ave. and 
121st St.; residence. 433 East 116th 
St., New York City. 

Feb. 

27, 1S95 

Mayrhofer. Jos. Carl 

Electrical Engineer, 165 W. 32 d St., 
New York City. 

June 

20, 1894 

McBride, James 

Superintendent, N. Y. & Boston Dye 
Wood Co., 146 Kent St., Brooklyn, 
N. Y. 

Sept. 

27, 1892 

McCarthy, Lawrence A. Western Union Telegraph Co., New 
York City, 1053 Bedford Ave., 
Brooklyn, N. Y. 

Jan. 

19, 1892 

McCarthy, E. D. 

Electrical Engineer, The F. P. Little 
Electric Construction and Supply 
Co., 135 Seneca St.; residence, 451 
14th Street, Buffalo, N. Y. 

Nov. 

18, 1896 

MctAUER, Chas. P. 

District Inspector, So. Bell Tel. and 
Tel. Co., Richmond, Va. 

Apr. 

22, 1896 

McClurg, W. A. 

Manager, Electrical Dept., Plainfield 
Gas and Electric Light Co., 207 
Madison Ave., Plainfield, N. J 

Dec. 

20, 1893 

McElroy, James F. 

Mechanical Supt., The Consolidated 
Car Pleating Co., 131 Lake Ave., 
Albany, N. Y. 

Nov* 

15 » I892 

McKay, C. R. 

Consulting Engineer, 140 South Main 
St., Salt Lake City, Utah. 

Dec. 

20, 1893 

McKibein, George N. 

Reed & McKibbin, General Street 
Railway Contractors, 30 Broad St., 
New York City. 

June 

8, 1887. 

McKissick, A. F. 

Professor of Electrical Engineering, 
The A. & M. College of Ala., 
Auburn, Ala. 

Feb. 

16, 1892 

McKittrick, F. J. A. 

Graduate Student Cornell University, 
624 Western Avenue. Lynn, Mass. 

Aug. 

5,1896 

McRae, Austin Lee 

Consulting Electrical Engineer, 306 
Oriel Bldg , St. Louis. Mo. 

May 

17,189* 
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Name. 

Address. 

Date of Election. 

Meadows, Harold Gregory Associate Engineer (Elec.) with 
Newcomb Carlton, 109 White Build¬ 
ing; ; residence, 114 West Chippewa 
St., Buffalo, N. Y. 

Sept. 23, 1896 

Medina, Frank P. 

Electrician, Pacific Postal Telegraph 
Co., 534 Market St., San Francisco, 

Cal. 

Sept. 

19, I894 

Mercer, Andrew G. 

Electrician, Waterloo Electric Co., 
Waterloo, N. Y. 

Sept. 

3* 1889 

Meredith, Wynn 

Electrical Engineer, Hasson & Hunt, 
310 Pine St., San Francisco, Cal. 

Jan. 

17, 1894 

Merrill, E, A, 

Electrical Engineer, Pierce & Miller 
Engineering Co., 26 Cortlandt St., 
New York City. 

Sept. 

20, 1893 

Merrill, Josiah L. 

Ass’t to Estimating Engineer of the 
Construction Department, General 
Elec. Co., Schenectady, N. Y. 

Sept. 

25, 1895 

Merritt, Ernest 

Assistant Professor in Physics, Cornell 
University, Ithaca, N. Y. 

Sept. 

16, 1890. 

Merz, Chas. H. 

British ThomsonTiouston Ltd.. 38 
Parliament St., London, S.W.; resi¬ 
dence, The Quarries, Newcastle-on- 
Tyne, England. 

Sept. 

25, 1895 

Meyer, Julius 

Consulting Engineer, 44 Broad St., 
New York City. 

Oct. 

25, 1892 

Middlemiss, P. R., M. £. 

Electrical Engineer, General Electric 
Co., Box 5S8, Schenectady, N, Y. 

Mar. 

20, 1895 

Miller, Joseph A. 

Civil and Consulting Engineer, 25 
Butler Exchange, Providence, R. I. 

Dec. 

9, 1884 

Miller, Wm. C., M. S. 

Electrical Engineer, 3 South Hawk 
St., Albany, N. Y. 

Oct. 

21, I890 

Miner, Willard M. 

Electrician and Inventor, 428 East 
Sixth St., Plainfield, N. J. 

July 

12, ia$7 

Mitchell, Sidney Z. 

Manager, Oregon, Washington and 
Idaho Agency, General Electric Co., 
Fleischner Building, Portland, Ore. 

Nov. 

12, 1889 

Moore, Wm. E. 

General Superintendent, The Augusta 
Railway & Electric Co., Augusta, Ga. 

Jan, 

22, 189^ 

Monell, Joseph T. 

Consulting Electrical Engineer, 236 
W 22d St., New York City. 

Oct. 

27, 1891 

Montague, Ralph L. 

Chief of Electrical Department, The 
Gold DredgingCo., Bannack, Mont. 

Feb. 

26, 1896 

Mora, Mariano Luis 

General Electric Co., Schenectady, 
N. Y. 

Mar. 

20, 1895 

Mordey, Wm. Morris 

Electrician, Brush Electrical Engineer¬ 
ing Co., Redholm, Loughborough, 
London, Eng. 

Sept. 

22, J89I 

Morgan, Chas. H. 

326 St. Paul St., Baltimore, Md. 

Auk. 

5. I896 

Morehouse, H. H. 

General Manager and Electrician, 
Alumbrado Electrico de Quezalte- 
nango, Apartado, No 44, Quezalten- 
ango, Guatemala, C. A. 

Feb. 

21, I894 






A88Q01ATB MEMBERS 


Name. 

.M or ley, Edgar L. 

Morrison, J. Frank 
Morse, George IF 

Morss, Everett 

M O RT’ON, I IEN R Y, 77 /. D. 

Moses, Dr. Otto A. 

Moses, Pkkcival Robert 

MOSMAN, CHAS. T. 

M o ssc hop, VV m . A., A /. E 

Mott, S. I). 

Munns, ('has. K. 

Mustin, Herbert S. 
Myers, F. K. 

Newbury, F.J. 

Nicholson, Walter W 

Nook, Geo. W. 

Norton, Elbert IF 

Noxon, C. Per Fee 
Nunn, Richard J., M,D . 
Nyhan, J. T, 

•OCRP.KSJf A USKN, IF A. 
•OLAN, THEODOR, J. W. 

‘Olivetti, Camiu.o 


■im 


Address. 

Sup’t II at/.cl & Buehler, 114 5th Ave., 
New Yorlc City- 

15 South St., Baltimore, Md. 

Wagner Electric Mfg. Co. St. Fouis, 
Mo. 

Vice-President, Simplex Electric Co., 
303 Marlboro St., Boston, Mass 

President of Stevens Institute of Tech¬ 
nology, Hoboken, N. J. 

Electrician, 1037 Fifth Ave., New 
York City. 

, E. E, Consulting Electrical Engineer, 
120 Broadway : residence, 46 West 
97th St., New York Ci.y. 

Power and Mining Engineering Dep’t., 
General Electric Co.; residence, 406 
Union St., Schenectady, N. Y. 

Electrical Engineer, care K. W. Pope, 
See’y, 26 Cortlandt. St., N. Y. City. 

Electrical Engineer and Inventor, 
Passaic, N, J. 

Electrician, Strowger Aittom, Tel. Ex¬ 
change, 947 Rookery. Chicago, Ill. 

( Address unknown. | 

Secretary and Treasurer, Electrical In¬ 
stallation Co., 917 Monadnock Build¬ 
ing Chicago, Ill 

Manager Insulated Wire Department. 
John A- Roel ding’s Sons Co., 
Trenton, N. J. 

General Supt, Central N. V. Tele¬ 
phone and Telegraph Co., 73 
Howard Ave., Utica, N. V. 

Chief Engineer, in charge of Steam and 
Electric Plant Westinghouse Elect, 
and Mfg. Co., Pittsburg, Pa. 

With Card Electric Motor and Dynamo 
Co., 622-3 Western Union Building, 
Chicago, III. 

Conn acting Electrical Engineer. 504 
Townsend St., Syracuse, N. V. 

Physician, 11 <>A York St., Savannah, 
Ga. 

Superintendent and Electrician, Macon 
and Indian Spring Electric Railway. 
Macon, Ga, 

Electrical Engineer, 65 Madison Ave., 
Jersey City, N. j. 

Civil and Electrical Engineer, 68 West 
49th St., New York City. 

1 ngegnere I ndustriale, Ivrea, Italy. 


Date of Election. 

Sept. 

25, 

1895 

April 15, 

1884 

May 

15. 

1894 

Sept. 

22, 

189 s 

M ay 

24, 

1887 

M ay 

17* 

1887 

Dec. 

19, 

1894 

Mar. 

20, 

1S95 

May 

7 * 

1889 

Sept. 

20, 

1893 

Nov. 

21, 

1894 

Dec. 

20, 

1893 

Sept. 

19, 

1894 

Sept. 

1 * 3 , 

1896 

May 

1 $. 

1894 

Aug. 

5 . 

1896 

Dec. 

20, 

1893 

Oct. 

I?, 

1 894 

July 

12 , 

1887 

Feb. 

27, 

1895 

Sept. 

6 , 

1HB 7 

May 

16, 

* 893 

Oct. 

17, 

*894 


490 


ASSOCIATE MEMBERS 


Name. Address. 

Crmsbee, Alex. F. Electrical Engineer; residence, 183 
Joralemon St., Brooklyn, N. Y. 

Osborne, Loyall Allen Assistant to 2nd Vice-President West- 
inghouse Electric and Mfg. Co., 
Pittsburg, Pa. 

Osterberg, Max, B.E^ A.M. Consulting Engineer, and Elec¬ 
trical Expert, 27 Thames St.; resi¬ 
dence, 113 E. 65th St., New York 
City. 

O’Sutxivan, M. J. Superintendent. Electric Light, B.&O. 

R. R. Co., 154 Keen Sireet, Zanes¬ 
ville, O. 

Otten, Dr. Jan D. Engineer, Union Elektricitats Gesell- 
schaft, Kurfurstenstrasse 97 III, 
Berlin, W. Germany. 

Owens, R. B. Professor of Electrical Engineering, 

University of Nebraska, Lincoln, 
Neb. 

Page, A. D. Assistant Manager, General Electric 

Co. Lamp Works, Harrison, N, J. 

Parcelle, Ai.bert L. Electrician and Inventor, 157 Wash¬ 
ington St., Boston, Mass. 

Parker, Herschel C. Tutor in Physics, Columbia University, 
21 Fort Green PI, Brooklyn, N. Y. 

Parmly C. Howard, S.M., E.E. College of the City of New 
York, 17 Lexington Ave.; residence, 
344 W. 29th St., New York City. 

Parry, Evan Engineer, The British Thomson-Hous¬ 

ton Ltd., Sunningdale. Fitzgerald 
Ave., Barnes, London, Eng. 

Parsell, Henry V.,Jr. 31 E. 21st St., New York City. 

Patton, Price I. Sheble& Patton, Ltd., 1026 Filbert St.; 

residence, 3926 Walnut St., Phila¬ 
delphia, Pa. 


Date of Election„ 
June 27, 1895 

Oct. 18, 1893 

Jan. 17, 1894 

Mar. 20, 1895 

Nov. 18, 1890 

June 17, 189a 
Jan. 19, 1892 
Dec. 16, 1891 
April 19, 1892 

Feb. 21, 1 Sgy- 

Sept. 25, 1895; 
Nov. 12, 1889, 

Mar. 20, 


Peck, Edward F. 15 Cortlandt Street, New York City ; 

residence, 87 Monroe St., Brooklyn, 

Y. May 20, 189a 

Pedersen, Frederick Malling Assistant Electrical Engineer, 

Crocker-Wheeler Electric Co., Am¬ 
pere, Newark, N. J.; residence, 



118 \V. 104th St., New York City. 

Sept. 

20, 1893. 

Peirce, Arthur W. K. 

Simmer and Jack Gold Mining Co., 
Johannesburg, S. A. R. 

June 

27, 1S95, 

Peirce, Wm. H. 

Assistant Manager, Baltimore Smelt¬ 
ing and Roiling Co., Keyser Bldg, 
German and Calvert Sts., Balti¬ 
more, Md. 

Sept. 

7, 188$ 

Perkins, Frank C. 

Electrical Engineer and Contractor, 
774 Prospect Ave., Buffalo, N. Y. 

Oct. 

21, 189& 

Petty, Walter M, 

Superintendent Fire Alai m Telegraph, 
Rutherford. N. J. 

May 

16, 1893. 

Pfund, Richard 

With Western Union Telegraph Co., 
195 Broadway, New York City. 

April 

18, 1893 
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Name. 

Address. 

Bate of Election. 

Phelps, Wm. J. 

Electrical Engineer and Contractor, 
Monadnock Bldg.. Chicago ; resi¬ 
dence, Elmwood. Ill. 

Mar. 

25, 1896 

Philbrick, B. W. 

Electrician, in charge of Electrical 
Plant. Hon. Levi P. Morton, Rhine- 
cliff, N. V. 

May 

15, 1S94 

Phillips, Eugene F. 

President, American Electrical Works, 
Phillipsdale, Providence, R. I. 

July 

13, 1889 

Phillips, Leo A. 

Westinghouse Electric and Mfg. Co., 
East Pittsburg, Pa. 

Mar. 

21, 1894 

Phisterer, F'red’k William 107 Columbia St., Albany, N. Y. 

Nov. 

20, 1895 

Pinkerton, Andrew 

Electrical Engineer, The Apollo Iron 
and Steel Co., Apollo, Pa. 

Sept. 

25 , 1895 

Plumb, Charles 

Proprietor and Electrician, The Chas. 
Plumb Electrical Works, 70 West 
Swan St., Buffalo, N. Y. 

June 

20, I894 

Poole, Cecil P. 

58 New Street; residence, 206 W. 80th 
St., New York City. 

Jan. 

3, 1888 

Pope, Ralph Wainwright Secretary to the American Institute 
of Electrical Engineers, 26 Cortlandt 
St., (Telephone, 2199 Cortlandt), 
New York City; residence, 570 
Cherry St., Elizabeth, N. J. 

June 

2, 1885 

Porter, II. Hobart, Jr. 

Agent, Westinghouse Elec, and Mfg. 
Co., 120 Broadway, New York; resi¬ 
dence, Lawrence, L. 1 . 

Mar. 

25 , 1S96 

Potter, Henry Noel 

Electrician, Steglitzer Strasse, 10 par¬ 
terre, Berlin W., Germany. 

Sept. 

IQ, 1894 

Powell, Percy Howard 

Construction Dep’t. New York Tele¬ 
phone Co., 18 Cortlandt St., rs.ew 
York City ; residence, Hempstead, 
N. Y. 

Sept. 

25 . 1895 

P&ice, Chas. W. 

Editor the Electrical Review , Times 
Building, New York City; residence, 
223 Garfield Place, Brooklyn, N. Y. 

Sept 

19, 1894 

Price, Edgar F. 

Electricial Engineer, Carbide Works, 
Niagara Falls, N, Y. 

June 

27 , 1895 

Prince, J, Lloyd 

868 Flatbush Ave., (Flatbush Station), 
Brooklyn, N. Y. 

Feb. 

27 , 1895 

Privat, Louis 

Electrician, Cicero Water, Gas and 
Electric Light Co., Oak Park, Ill. 

Dec. 

19, I894 

Proctor, Thos. L. 

General Manager, Riker Electric Motor 
Co., Brooklyn; residence, Newtown, 
L. I., N. Y. 

April 

IS, 1894 

Pupin, Dr. Michael I. 

( Vice President) Adjunct Professor in 
Mechanics, Columbia University ; 
residence, 7 High'and Place, Yonkers 
N. Y. 

Mar. 

18, 1890 

Randall, John E. 

Columbia Incandescent Lamp Co., 
1912 Olive St., St. Louis, Mo, 

May 

7, 1889 

Randolph, L. S. 

Professor of Mechanical Engineering, 
Blacksburg, Va. 

Feb. 

21, 1893 
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ASSOCIATE MEMBERS 


Name. 

Address. 

Rathenau, Erich 

Electrical Engineer, Allg. Eiectricitats 
Geselischaft, Berlin, Germany. 

Ray, William D. 

General Manager Everett Railway and 
Electric Co., Everett, Washington. 

Read, Robert H. 

Patent Attorney, 44 Broad St., New 
York City. 

Redman, Geo. A. 

General. Supt., Electric Dept., Brush 
Elec. Light Co., and Rochester Gas 
and Elec. Co., Rochester, N. Y. 

Reed, Chas. J. 

Electrician, 3313 N. 16th St., Phila¬ 
delphia, Pa. 

Reed, Harry D. 

Electrician, Bishop Gutta Percha Co., 
420 East 25th St., New York City; 
residence. 88 North 9th St., New¬ 
ark, N. J, 

Reed, Henry A. 

Secretary and Manager, Bishop Gutta- 
Percha Co., 422 East 25th St , New 
York City; residence, 8*8 North gth 
St., Newark, N. J. 

Retd, Edwin S. 

General Sup’t of Construction. National 
Underground Cable Co , 17 Times 
Building, New York City ; residence, 
116 W, nth St. 

Reid, Thorburn 

Electrical Engineer, care British 
Thomson-Houston Co., 18 Parlia¬ 
ment St., London, S. W., Eng. 

Reilly, John C. 

General Supt., N. Y. & N. J. Tel. Co., 
16 Smith St., Brooklyn. N. Y. 

Rennard, John Clifford, A . B. E. E . Consulting and Super¬ 
vising Electrical Engineer, 18 Cort- 
iandt St.; residence, 302 W. 73d St., 
New York City. 

Requier, A. Marcel 

Electrical Engineer, Y\ T estinghouse 
Electric and Manufacturing Co., 
Pittsburg, Pa. 

Rhodes, S. Arthur 

Electrician, Chief Testing Department, 
Chicago Telephone Co , Chicago, 
III.; residence, 429 North Pine Ave., 
Austin, Ill. 

Rice, Arthur L. 

Professor of Steam a.nd Electrical En¬ 
gineering, Pratt Institute, Brooklyn, 
N. Y. 

Rice, Calvin Winsor 

Consulting Electrical Engineer, 8 ' 
Eaton St., Winchester, Mass. 

Richards, Chas. W. 

Partner, Cumner-Richards Co., 69 
Broad Street. Boston ; residence, 
Needham, Mass. 

Richardson, Robert E, 

Electrical Engineer, Pierce Sc Richard¬ 
son. 1409 Manhattan Building; resi¬ 
dence, 3622 Michigan Ave , Chicago, 

Ricker, Charles W, 

Expert Electrical Engineer, 184 Cleve¬ 
land Ave., Buffalo, N. Y. 


Bate of Election. 

Nov.. 20, 189s 
Sept. 27, 1892 
Jan. 19, 1892 

Feb. 27, 1895 
Mar. 5, 1889 

Sept. 19, 1894 

June 4, 1889 

Feb. 26, 1896 

Oct. 2i f 1890 
April 15, 1884 

Jan. 16, 1895 
Dec. 20, 1893 

Oct. 17, 1894 

Oct. 2i, 1896 
Jan. 20, 1897 

Sept. 23, 1896 

Sept. 19, 1894 
May 15, 1894 
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Address. Date of Election. 

Rideout, Alexander C. LL. />., Consulting Electrical and 
Mechanical Engineer, toi Randolph 
St., Chicago, Ill. Aug. 5, i8g6 

Ridley, A. E. Brooice Agent, Electrical Engineer, Siemens & 

Halske Electric Co., 10 Front St., 

San Francisco, Cal. Nov. 2r, 1894 

RlTTKN HOUSE, Cm AS. T. Editor the Electrical World , 253 

Broadway ; residence, 247 W. 138th 
St , New York City. Feb. 21, 1894 

Roberson, Oliver R. Electrician, Western Union Telegraph 
Co., 195 Broadway, P. O. Box 856, 

New York City. Dec. 20, 1893 

Roberts, Wm. II. 413 Harrison St., Cincinnati, O. Sept. 19, 1894 

Robinson, Almon Draughtsman, Expert in Methods of 

Gearing, Webster Road, P. O. Box 
943, Lewiston, Me, Sept. 6, 1887 

Robinson, Dwkhit Parker With Stone & Webster, 4 P. O. 

Square, Boston, Mass. Sept. 25, 1895 

Robinson, Francis G. With Brooklyn Heights R, R. Co.; 

residence, 156 Macon St., Brooklyn, 

N. Y. Nov. 2r, 1894 

Rodman, Samuel, Jr. (Late 1st Lieut., 2nd U. S. Artillery), 

Electrician and Expert in High Ex¬ 
plosives. Room 1,06, Pullman, Bldg., 

Chicago, ill. Sept. 16, 1890' 

Rorbling, Ferdinand W. Manufacturer of Electrical Wires 

and Cables, Trenton, JSL J. June 8, 1887 

Rorsslkr, S. W. Captain, Corps of Engineers U.S. A., 

W diets Point, N. Y. Dec. 3, 1889 

Roller, Frank W. ALE. Electrical Engineer, Machado & Roller, 

Electrical Machinery, 203 Broadway, 

N. V.; residence, Cranford, N. J. May 21, 1895 

Roper, Denney W. Edison Illuminating Co. of St. Louis, 
n Mo., Alton, III. June 6, 1893 

Rosa, Edward B. Professor of Physics, Wesleyan Uni¬ 
versity, Middletown, Conn. Feb. 17, 1897 

Rosebrugii, Thomas Reeve Lecturer in Electrical Engineering, 

School of Practical Science, Toronto, 

Ont. June 26, i8qi 

Rosenbaum, Wm. A. Electrical Expert and Patent Solicitor, 
j 77 'Limes Building, New York 
City. Jan. 3, *88y 

Rosenberg, E. M., Af, E. Residence, 138 W. 85th St., New York 

City. Oct. 2t, 1890 

Ross, Taylor William Second Assistant Engineer, U. S. 

Revenue Cutter Service, Revenue 

Cutter M McLane,“ Key West, Fla. Mar, 25, 1890 

Rowland, Arthur John Professor of Electrical Engineering, 

Dr ex el Institute; residence, 3220 

Spencer Terrace, Philadelphia, Pa. Sept. 19, 1894 

Rowland, Henry A. Professor of Physics, Johns Hopkins 

University, Baltimore, Md. Mar. 21, 1894 

Royck, Feed W. Electrician and Patent Solicitor, 1410 

Pennsylvania Ave., Washington, 

D. C. April 15, 1884 
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Rushmore, David B. Foreman, Testing Dep’t Royal Elec¬ 
tric Co., Montreal, P. Q. Sept. 25, 1895 

Rutherford, W. M. Chief Engineer, Canadian General 
Electric Co., 65 Front St., W. To¬ 
ronto, Can. Sept. 22, 1891 

Sachs, Joseph Devising and Consulting Electrical 

Engineer, 32 Nassau St., New York 
City. Mar. 15, 1892 

Sackett, Ward M. Assistant Chief Draughtsman, Chicago 
Telephone Co., residence 3739 
Ellis Ave., Chicago, Ill. Oct 17, 1894 

Sage, Henry Judson Sage & Co., Electrical Engineers, 

Rochester, Pa. Dec. 20, 1893 

Sahulka, Dr. Johann Docent of Electrotechnics, Technische 

Hochschule, Vienna, Austria Dec. 20, 1893 

Sampson, F. D. Manager, Charlotte Electric Light and 

Power Co., Charlotte, N. C. Aug. 5, 1896 

Sanborn, Francis N. Torrington, Conn. Nov. 24, 1891 

Sanderson, Edwin N. Of Sanderson & Porter, Engineers and 
Contractors, 120 Broadway, New 
York City. " Oct. 17, 1894 

Sargent, Howard R. Electrical Engineer, General Electric 
Co.; residence, 242 Union Street, 

Schenectady, N. Y. Mar. 25, 1896 

Satherberg, Carl Hugo Chief Engineer. The Midvale Steel 
Co., Nicetown, Phila., Pa.; residence 
1752 N. 26th St., Philadelphia, Pa. Aug. 5, 1896 

Sawyer, Fred. W. 68 Mount Vernon St., Fitchburg, Mass. June 27,1895 

Saxelby, Frederick Electrical Engineer, 2S8 Summer Ave., 

Newark, N. J. June 5, i88g 

Scheible, Albert Manager for George Cutter, 851 The 

Rookery, Chicago, Ill. [une 20, 1894 

Schlosser, Fred. G. Superintendent of Electric Dept., La- * 

clede Gas Light Co., 411 N. nth 
St. Louis, Mo. Sept. 22, 3891 

Schreiter, Heinr. C. E. Counsellor and Attorney, 20 Nassau 

St., New York City. Jan. 17,1893 

Schwab, Martin C. i 7 2 9 Madison Ave., Baltimore, Md. Nov. 18, 1896 

Schwabe, Walter P. Electrician, Rutherford, Boiling 

Springs and Carlscadt Electric Co., 

Carlstadt, N. J. May ig, 1896 

Scidmore, Frank L. With N. Y. C. & II. R. R. R. Co., 
office of A. F. A.; residence, 106 
Hawthorne Ave., Yonkers, N. Y. Dec. 18,1895 

Scott, James B. Eleetrical and Mechanical Engineer, 

227 East German St., Baltimore Md. Aug. 5, 1896 

Searing, Lewis Consulting, Mechanical, and Electrical 

Engineer, Denver Engineering 

Works, Denver, Col. April 3, 1888 

Searles, A. L. Engineering Dept., Fort Wayne Elec¬ 

tric Corporation, Fort Wayne, Ind. April 18, 1894 
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Date of Election 

See, A. B. 

A. B. See Manufacturing Co., 116 
Front St.; residence, 107 East 19th 
St, (Flatbush), Brooklyn, N. Y. 

Jan. 

17. 1893 

Seely, J. A. 

Electrical Engineer and Contractor, 

121 Liberty St, New York City. 

April 

15, 1884 

Sextzinger, Harry M. 

Consulting and Constructing Engineer, 

6 Northampton St., Wilkes-Barre, Pa. 

Sept. 

20, 1893 

S err ell, Lemuel Wm. 

Mechanical and Electrical Engineer, 
99 Cedar St., New York City; resi¬ 
dence, Plainfield, N. j. 

Nov. 

r, 1887 

Skrva, A. A 

With Fort Wayne Electric Corpora¬ 
tion, 17 Federal St, Boston, Mass. 

Dec. 

20, 1893 

Shain, Charles D. 

136 Liberty St., New York City. 

June 

7, 1S92 

Snaiu', Clayton H. 

Instructor, Department of Physics, 
Cornell University, 122 University 
Ave , Ithaca, N. Y. 

May 

15, 1894 

Sharpe, E. C. 

Consulting Electrical Engineer, 524 S. 
Broadway, Los Angeles, Cal. 

Feb. 

26, 1896 

Shedd, John C. 

Professor of Physics and Applied Elec¬ 
tricity, Marietta College; residence, 
512 Fourth St., Marietta, Ohio. 

Dec. 

19. s 894 

Sheehy, ROItKKT J. 

President, Sheehy Automatic Railroad 
Signal Co., 122 Pearl St. Boston, 
Mass. 

April 

21, 1891 

Shields, W. J. 

Consulting Engineer, New Wilming¬ 
ton, Pa. 

Sept. 

19, 1894 

Shock, Tiios, A. W. 

Gen'l Sup’t Sacramento Electric Power 
and Light Co., Sacramento, Cal. 

Mar. 

20 , 1895 

Shonnard, Harold W. 

[Address unknown. | 

Oct. 

23 . I «95 


Sampson, Alexander B. Estimating Engineer, Western Elec¬ 
tric Co., N. V, City ; residence, 125 
2nd Place, Brooklyn, N. Y. May 21, 1895 

Sisk, Charles E. President., Bel! Telephone Co., of 

Canada, P, O. Box up 8, Montreal, 

Canada. June 8, 1887 

Skiruow, John F Ass’t Manager, Postal Telegraph Cable 

Co,, New York City; residence, 183 
N. 19th St , East Orange, N. J. Sept. 25, 1895 

Slade, Aktuor J., Fh.D. Engineer, with George Hill, 44 
Broadway; residence, 62 East 60 th 
St,, New York City. Sept. 19, 1894 


Slater, Frederick R. 


Designing Department, Otis Bros. & 

Co., 153 Warlmrton Ave., Yonkers, 

N. Y. " Oct 


17, 1894 


-Smith, Charles Henry, Jr. Box 2, Atlanta, Ga. 


Jan. 17, 1S94 


.Smith, Frank K, Chief Electrician, Edison Eight and 

Power Co., 229 Stevenson St., San 
Francisco, Cal. Sept 19, 1 894 
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Smith, Frederick R. Civil Engineer, 216 Equitable Bldg., 

Baltimore. Md. Nov. 12, 1889. 

Smith, Harold Babbitt Professor of Electrical Engineering, 

Worcester Polytechnic Institute, 

Worcester, Mass. Nov. 24, 1891 

Smith, J. Brodie Supt. and Electrician. Manchester 

Electric Light Co., 142 Merrimack 
St., Manchester, N. H. Mar. 21, 1894 

Smith, J. Elliot Superintendent Fire Alarm Telegraph, 

£22 W. 73d St., New York City. April 15, 1884 

Smith, Oberlin President and Mechanical Engineer, 

Ferracute Machine Co., Lochwoid, 

Bridgeton, N. J. May 19, 189E 

Smith, T. Jarrard Manager Electrical Dept., The E. S. 

Greeley & Co., 7 Dey St., New 

York City. April 19, 1892 

Speed, Buckner Assistant Electrical Engineer, Louis¬ 

ville Electric Light Co., 1521 4th 
Street, Louisville, Ky. Apr. 22, 1896 

Spencer, Theodore With Bell Telephone Co., 406 Market 

St., Philadelphia, Pa. Mar. 21, 1893 

Sprout, Sidney S. Electrical Engineer, 328 Montgomery 

St., San Francisco, Cal. Jan. 17,1894 

Squier, George O., Pk.D. 1st Lieut., 3d Artillery, Fortress 

Monroe, Va. May 19, 18911 

Stadelman, Wm, A. Agent, Elwell-Parker Co., 26 Cortlandt 

St., New York City. Feb. 7, 1890** 

Stahl, Th. Creusot Works, Creusot, France. Nov. 15, 1892 

Stakes, D. Franklin Electrical Expert and Salesman, The 
Fort Wayne Electric Corporation, 

101 The Bourse, Philadelphia, Pa. Jan. 20, 1897 

Stanley, William Electrician, Pittsfield, Mass. Dec. 6, 1887 

Stanton, Chas. H. With C. H. he PI. Stanton Electrical * 

Contractors, 1517 Walnut St.; resi¬ 
dence, 134 S. 3d St., Philadelphia,Fa. Mar. 20, 1895 

Stevens, J. Franklin Manager, Keystone Electrical Instru¬ 
ment Co., 9th St. and Montgomery 
Ave.; residence, 1419 Walnut St., 

Philadelphia, Pa. Sept. 19, 1894 

Stewart, Robert Stuart Supt. of Lines, Public Lighting 
Commission, 440 Jefferson Ave., 

Detroit, Michigan. Dec. 20, 1896 

Stewart, W. M, Wire Chief, New York Telephone Co., 

18 Cortlandt Street, New York City; 
residence, 301 W. 46th St., Flat 14, 

New York City. Mar. 25,1896 

Stine, Wilbur M. ( Vice-President .) Director Electrical 

Dept., Armour Institute; residence, 

635 W. 61st Street, Chicago, Ill. May 15, 1894 

Stockbridge, Geo. H. Patent Attorney, 95 Nassau Street; 

residence, 2514 nth Ave , near 
187th St., New York City. 


May 24, 1887 


Name. 
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STONK, CllARLKS A. 

With Firm of Stone & Webster, 4 
P. O. Sq., Boston, Mass. 

May 

iq, 1891 

Stone, JosKi’ii P. 

1 electrical Engineer, General Electric 
Co.; residence, 213 Liberty Street, 
Schenectady, N T . V. 

Dec. 

18, 1895 

STOKER, N <)K MAN \V. 

E lectrical Engi neer, W estinghouse 

Electric and Mfg. (Jo.. Pittsburg ; 
residence, Wilkinsburg, Pa. 

Dec. 

18, 1S95 

Storks, Prok. !I. A. 

Prolessor ot Electrical Engineering, 
University of Vt., Burlington, Vt. 

Mar. 

21, 1893 

Stkattun, Alex. 

Assistant Electrical Engineer, C. \ < . 
Electric Co., Garwood, N. J.; resi¬ 
dence 21 East 130th St.. New York 
< 'ity. 

Mar. 

20, 1895 

Straus, Tijeudokk 

Electrical Eng., General Electric Co., 
Schenectady, ,N. Y.; residence, 1213 
Linden Avenue, Baltimore, Md. 

Nov. 

18, 1896 

Strauss, Herman A. 

Consulting Electrical and Mechanical 
Engineer, 54 Maiden Lane; resi¬ 
dence, 17 \Y. Ugh St., New Vork, 

Oct. 

17,1894 

Strong, Frederick G. 

734 Equitable Building, Atlanta, C.a. 

Oct. 

27,1891 

Stuktevant, C.lf ARLES 

E. Patent Attorney, Atlantic Building, 
Washington, D. C. 

Dec. 

20, T893 


Sri 1.1 i van, Edward Supl. Construction, Standard Under¬ 
ground Cable Co., lH Times I lido .; 
residence* 337 VV. 18th Street, New 



York City. 

Feb. 

26, 

1896 

Summers, I .eland E. 

Electrical Engineer, 441 The Rookery, 
Chicago, Ml. 

Fell. 

I b, 

1892 

Svkntorzetzky, ( 'ATT. 1 

,oi i dom 1 r Military Engineering Acad¬ 
emy, Si. Petersburg, Russia. 

Sept. 

20, 

*893 

SwV.NSoiN, BERNARD V M l 

or Assistant Professor of Electrical 
Engineering, University of Illinois, 
Champaign, Ill. 

Feb. 

27, 

* 895 

Sweet, Henry N. 

Chic! ot Patent Bureau, Thomson 
Electric Welding Co., 4 Spruce St., 
Boston, Mass. 

May 

2o, 

1890 

Sykes, Henry IE 

Chid Engineer, Beil Telephone Co., of 
Mo.. Telephone Bldg., St. Louis,Mo. 

Oct. 

|8, 

iBtys 

'Pa it, Frank M. 

Superintendent, < ’atasauqua Electric 
Eight and Power Co., 731 3d St., 
Oat asauqua, Pa, 

Sept, 


1894 

'Pai'ley, Walter IE 

Electrician in Government Printing 
Office, care of Public Printer, Wash¬ 
ington, D. (A 

Oct. 

25. 

1892 

Tkmrle, William Chase 

Mechanical and Electrical Engineer, 
Lewis Block, P. O. Box 800, Pitts¬ 
burg, Pa. 

May 

3 > 

1887 


Electrical Engineer and Inventor, 46 
K. Houston St., The Gerlaeh, 53 
W. -7th St., New York City. June 5, 1888 


Tesla, Njkoi a 
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Thayer, George Langstaff Manager, Belle Plaine Electric 
Light Co., Belle Plaine, la. 

Thomas, Robert McKean, E. E. Assistant Chief Inspector, 
Bureau of Electrical Appliances, N. 
Y. Fire Dept.; residence, 135 Madi¬ 
son Ave., New York City. 

Thompson, William Geo. MacNeill Resident Engineer, Sault 
Ste. Marie Canal, St. Catharines, 
Ont. 

Thordaksson, Chester H. Chicago Edison Co.; residence, 
284 Rush St., Chicago, III. 

Thresher, Alfred A. Electrical Engineer and Proprietor 
Thresher Electric Co., Dayton, O. 

Thurrer, PIoward F. General Superintendent, New York 
Telephone Co., 18 Cortlandt Street, 
New York City; residence, 49 Sidney 
Place, Brooklyn, N. Y. 

Toerring, C., Jr. Electrical Engineer, Helios Electric 

Co., 3214 Arlington Avenue., Phila¬ 
delphia, Pa. 

Torchio, Philippo Engineering Dep’t, The Edison Elec. 

Illuminating Co., 53 Duane Street, 
New York City. 

Tower, George A. Electrical Engineer, The Sherwood 

Land Co., and The Jefferson Hotel 
Co., 109 S. First St., Richmond, Va. 

Townsend, Henry C. Attorney and Expert in Electrical 

Cases, 5 Beekman St., New York 
City. 

Townsend, Samuel G. F. Electrical Engineer in Testing Depart¬ 
ment, with Ward Leonard Electric 
Co., Hoboken, N. J.; residence, 131 
Fifth Ave., New York City. 

Treadwell, Augustus, Jr. Private Assistant, Polytechnic In¬ 
stitute, 48S 3d St., Brooklyn, N. Y. 

Trott, A. H. Hardy Beer, near Axminster, Devonshire, 
[Life Member.] Eng. 

Tuttle, George W. Electrical Engineer, Sawyer-Man Elec¬ 

tric Co., 510 W. 23d St.; residence, 
328 W. 23d St., New York City. 

Vail, Theo. N. 26 Cortlandt St., New York City. 

Van Buren, Gordon C. Electrician and Electrical Contractor, 
84 Clinton Ave., Albany, N. Y. 

Vandegrift, James A. Westinghouse Electric and Mfg. Co., 
residence, 158 Ridge Ave. .Allegheny, 
Pa. 

Vanderslice, G. Hamilton 326 Penn Avenue. Pittsburg, Pa. 

VAN Deventer, Christopher Student, Columbia University ; 

residence, 626 Lexington Ave., New 
York City, 


Date of Election. 


Aug. 

5 » 

1896- 

April 

22, 

1896 

July 

12, 

1887 

Dec. 

18, 

1S95 

April 

22, 

1896 

Mar. 

25 > 

1896 

April 

18, 

1894 

June 

27, 

r 895 

May 

15 . 

1894 

July 

10, 

1888 

Jan. 

20, 

1 £98 

Feb. 

2r, 

1894 

Jan. 

20, 

1891 

Mar, 

* 7 , 

1891 

April 

* 5 » 

1884 

Oct. 

25 * 

1892 

Nov. 

24, 

1891 

Dec. 

19, 

O' 

CO 

Feb, 

17 , 

1897 
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Van Vleck , l' 1 RANK President, Van Vleck Tramway Co., 

Wells Fargo, Bldg.,* Los Angeles, 

Cal. Nov. 16, 1886 

Van Vjleck, John k ai.conf.r Constructing Engineer, The Edi¬ 
son Electric and Illuminating Co. of 
New York; residence, Glenridge, N. j. Aug. 5, 1S96 

Van \V yck , Pi hup V. R. f Jr. Plainfield, N. J. April 21, 1891 

Varley, Thomas W. Electrician, United Electric,Light and 
Power Co., 210 Elizabeth St., New 
York City. Sept. 19, 1894 

Varney, Wii.uam Wesley Attorney at Law, Electrical Expert, 

11S East Lexington St,: residence, 

1001 Harlem Ave., Baltimore, Md. Nov. 21, 1894 

Verlf.y, Horaces. L. With Dr. Win. E. Ceyer, as Labora¬ 
tory Assistant, Stevens Institute, 

1 loboken, N. J.; 136 Liberty St:., 

New York City. May 17, 1892 

Vo IT, Dr. Ernst Professor of Electricity, Technical 

H n i versity. Sch wanthalerstrasse, 

Munchen, Germany. Mar. 2 t, 1894 

Yosmaek, Alexander Mechanical, Chemical and Electrical 
Engineer, The General Ozone and 
Electric Supply Co., Suerkade 104, 

Tin: Hague, Holland. Nov. 18, 1 896 

Walker, Georoe G. 1340 Vanderbilt Ave., New York City. Sept. 6, 1887 

Warner, Edward Andrews. Electrician, The Mexican Inter¬ 
national R, R. Co., Eagle Pass, 

Texas # Jan. 22, 189O 

Walker, Arthur 1 C Sup’t and Electrical Engineer, Edison 

Eight Go., Grand Rapids, Mich. Oct. 23, 1895 

Wallace, Cp as, K. Engineer, Stone and Webster, Boston, 

Mass.; residence, 62 Forest Street, 

^ R ox bury, Boston, Mass. Nov. i.H, 1896 

WA llacm, Geo. S. Telegraph (...Price Manager, Chesapeake 

A 1 Miio Ry, Co.. Box 214. Hunting- 
ton. W , \ a, Oct. 25, 1892 

Wallace, William Wire Manufacturer, Ansonia, Conn. April 15, 1884 

War deli , Geokcl PiiLU’S Secretary, Department, of Science 
and Technology, Pratt Institute, 

Brooklyn, V V. Nov. 12, 1S89 

Wardlaw, Geo n«;T. A } 1 a East Willow St., Syracuse, N. V. Jan. 17, 1894 

Warinc, Richard K, Standard Uiidergmund Gable Go.. 6r 

Westinghouso Bldg., Pittsburg, Pa. April *5, 1884 

Waknkh, CiiV't, IE Consulting Electrical Engineer, 50 

Broadway, New York City. Dee. 20, 1893 

Warren, At dr i d K. Proprietor, A. K. Warren & Co,, 451 
Greenwich St., New York; residence 
New Brighton, S. I., N. Y. Nov. 20, 1895 

Electrical Engineer and Purchasing 
Agent., Cleveland Electric R. R, Co., 

2009 Euclid Ave., Cleveland. O. May 19, 1891 


W A SON, 1 'll AS, W. 
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Wason, Leonard C. 

Vice-Prest., The Aberthaw Co., 31 
State Street, Boston ; residence, 199 
Harvard St., Brookline, Mass. 

Dec. 

20, 1893 

Waters, Edward G. 

Resident Manager, General Electric 
Co., 308 Times Bldg., Pittsburg, Pa. 

Mar. 

18, 1890 

Watson, Robert 

Patent Attorney, 931 F. St., N. W., 
Washington, D. C. 

Oct. 

21, 1S90 

Watts, H. Franklin 

Electrical Engineer and Contractor, 
5171 Heston St., Philadelphia, Pa. 

May 

20, 1890 

Weaver, Norman R. 

Box S7, Selma, Ala. 

Oct. 

25, 1892 

Webb, Henry Stores 

Instructor in Electrical Engineering, 
Lehigh University, South Bethlehem. 
Pa. 

Nov. 

20, 1895 

Webster, Dr. Arthur G. Assistant Professor of Physics, Clark 
University, 936 Main St., Worces¬ 
ter, Mass. 

Jan. 

1:9, 1892 

Webster, Edwin S. 

Firm of Stone & Webster, 4 P. 0 . 
Sq., Boston, Mass. 

April 

21, 1891 

Wendle, George E. 

760 W. 4th St., Williamsport, Pa. 

Feb. 

21/ 1894 

West, Julius Henrik 

Engineer, Handjery St., 58 Friedenau, 
Berlin, Germany. 

Sept. 

20, 1893 

Welles, Francis R. 

Manufacturer, 46 Avenue de Breteuil, 
Paris. France. 

Sept. 

6, 1887 

Wharton, Hugh M. 

Electrical Engineer, 69 Christopher 
St., Montclair, N. J. 

May 

15, 1894 

Whitaker, S. Edgar 

Electrical Engineer and Contractor, 58 
Oliver St., Fitchburg, Mass.; resi¬ 
dence, 93 High Rock Avenue, Lynn, 
Mass. 

Aug. 

5 . 

White, Chas. G. 

Public Schools Sup’t, and Instructor 
in Physics and Chemistry, Lake 
Linden, Mich. 

Sept. 

23, rS#/) 

White, J. G. 

J. G. White & Co., Electrical Engi¬ 
neers and Contractors, 29 Broadway, 
New York City. 

April 

2, 1889 

White, Will F. 

Electrical Engineer, Vice-President, 
New Omaha T.-H. Electric Light 
Co., 309 So. 13th, St., Omaha, Neb. 

Kel». 

7, 1890 

Whiting, Allen H. 

Electrical Engineer, Riker Electric 
Motor Co., Brooklyn, N. V. ; resi¬ 
dence, Stamford, Conn. 

Nov. 

18, 1896 

Whitmore, W. G. 

Electrical Engineer, General Electric 
Co., Edison Building, Box 3067, 
New York City. 

Mar. 

18, 1890 

Whitney, Henry M . 

[Life Member. 1 

81 Milk St., Boston, Mass. 

,I"ly 

12, 1887 

Wiese, Gustav Adolph 

City Electrician of Alameda, 718 
Haight Ave., Alameda, Cal, 

Sept. 

25, 1895 

Wigktman, Merle J. 

Electrical Engineer, The Staten Island 
Midland Railway Co., Stapleton, 
N. Y. 

Mar. 

5» *889 
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Wiley, Walter S. 

Engineer, with the American Water¬ 
works, 1107 No. 40th St.. Omaha 
Neb. 

April 

iS, 1894 

Wiley, Wm. H. 

Scientific Expert, 53 E. 10th St., New 
York City. 

Feb. 

7,18S8 

Williams, Charles Jr. 

Electrician, 1 Arlington Street, East 
Somerville, Mass. 

April 

15. 1SS4 

Williamson, G. DeWitt 

' Dobbs Ferry, N. Y. 

April 

18, 1893 

Wilson, Chester P. 

Chief Engineer, East St. Louis Plant, 
Swift &: Co., 31 Nicholson Place, St. 
Louis, Mo. 

Sep. 

25, 1895 

W in and, Paul A. N. 

Engineer and Supt., Schleicher, 
Schumm & Co., 3200 Arch St., 
Philadelphia, Pa. 

June 

20, 1894 

Winchester, Samuel B. 

9 Laurel St., Holyoke, Mass. 

May 

15. 1894 

Winslow, I. E. 

The General Traction Company, Ltd., 
35 Parliament Street, Westminster, 
London, Eng. 

Nov. 

12, 1889 

Wintringham, J. P. 

Theorist, 36 Pine St., New York City, 
and 153 Henry St., Brooklyn, N.Y. 

May 

7, 1889 

Wirt, Herbert C. 

Engineer, Supply Department, General 
Electric Co., Schenectady, N. Y. 

June 

26, iggi 

Woodward, Francke L. 

Electrical Engineer, 49 Grand Street, 
Albany, N, Y. 

June 

26, 1891 

Woodward, W. C. 

Electrical Engineer, Narragansett 
Electric Lighting Co.; residence, 21 
Arlington Ave., Providence, R. I, 

Nov. 

iS, 1896 

Woodworth, Geo. K. 

Electrician, Crawford Mfg. Co., 
Hagerstown, Md. 

Feb. 

17, 1897 

Woolf, Albert E. 

% 

Electrician and Inventor, Woolf Elec¬ 
tric Disinfecting Co. of N. Y., 66 
Broad St., New York City. 

Sept. 

16, 1890 

Worswick, A. E. 

Electrical Engineer, London and For¬ 
eign Tramways Syndicate (Ltd.) 
Port Elizabeth, So. Africa. 

Sept. 

20, 1893 

Wray, J. Glen 

Assistant Engineer, Chicago Tele¬ 
phone Co., 162 Centre St., Chicago, 
Ill. 

Sept- 

20, 1893 

Wright, Louis S. 

General Manager, Schuylkill Electric 
Railway Co., Pottsville, Pa. 

Nov. 

18, 1896 

Wybro, Harrison C. 

Electrical Engineer, Wybro & 
Lawrence, ’522 So. Broadway, Los 
Angeles, Cal. 

Dec. 

IS, 1895 

Yarnall, V. H. 

Superintendent of Construction, for L. 
W. Serrell, 99 Cedar St., New York 
City. 

May 

16,1893 

Young, Charles I. 

Electrical Engineer, Westinghouse 
Elec. & Mfg. Co., Girard Building, 
Philadelphia, Pa. 

June 

27, 1895 

Yslas, Carlos 

Electrician of Railway in Jalapa, Vera 
Cruz, Mexico. 

Nov. 

18, 1896 
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Zalinski, Edmund L. Captain of Artillery, U. S. A., 

(retired), The Century, 7 West 43d 

St., New York City. May 17, 1887 

Zimmerman, Laurence j. Electrical Engineer and Inventor, 

57 Pennsylvania Ave., Brooklyn, 

N. Y. Mar. 21, 1893 

Associate Members, - - - 


OFFICIAL STENOGRAPHER 

Ryan, Richard W. , Room 17S, Post Office Building, Telephone, 2787 Cort¬ 
land!, New York City. 


SUMMARY. 


Honorary Members, - - - * “ " 2 

Members, - - - - - " - ~ 35 * 

Associate Members, - - - - - “ -710 

Total - - - 1069 







